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2 .
d i s t i n c t i o n  b e t w e e n  m e c h a n i s m s  ( 2 )  and  (3 )  i s  w h e t h e r  o r  n o t  
t h e  O - S i  bond  i s  c o m p l e t e l y  f o r m e d  a t  t h i s  s t a g e .
OHI
R gSi— H- -H— OH (4)
One o f  t h e  m o s t  r e c e n t  l i t e r a t u r e  e x a m p le s  o f  a s t u d y  
o f  a s y s t e m  o f  t h i s  s o r t  i s  t h a t  r e p o r t e d  b y  H a w th o rn e  and 
L e w i s ?  i n  t h e i r  s t u d y  o f  t h e  h y d r o l y s i s  o f  p y r i d i n e  d i p h e n y l — 
b o r a n e  ( e q u a t i o n  5 ) .  The a u t h o r s  c o n c l u d e d  t h a t  t h i s  r e a c t i o n
+ H2O  H2 + (C6H5)2B0H + C^ E^ N (5)
w as f i r s t  o r d e r  i n  b o t h  b o r a n e  and w a t e r  and  t h a t  t h e  r e a c t i o n  
m u s t  p r o c e e d  b y  a r a t e  c o n t r o l l i n g  f o r m a t i o n  o f  t h e  t r a n s i t i o n  
s t a t e  ( 6 ) ,  w h i c h  i n v o l v e s  a n u c l e o p h i l i c  a t t a c k  o f  t h e  BH 
b o n d i n g  e l e c t r o n s  on  t h e  w a t e r  h y d r o g e n .  They s u g g e s t  t h a t  
t h i s  t y p e  o f  n o n - l i n e a r  t r a n s i t i o n  s t a t e  may b e  q u i t e  g e n e r a l  





D i s c u s s i o n  o f  o t h e r  k i n e t i c  s t u d i e s  i n v o l v i n g  h y d r i d e
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4 .
(C 6 H ^ )^ 8 n H  + CH3COOH ■ Eg + (C ^H ^ )3800000113  ( 10 )
Pr3SnH + CH2=CHC00H ---■» H2 + Pr3SnOCOCH=CH2 (11)
Upon i n v e s t i g a t i o n  o f  t h e  p o s s i b i l i t y  o f  t h e  e x i s t e n c e  
o f  a b a s e —c a t a l y s e d  r e a c t i o n ,  t h e y  a l s o  f o u n d  t h a t  r e a c t i o n s  
( 1 2 )  a n d  (1 3 )  p r o c e e d e d  r a p i d l y  a t  room t e m p e r a t u r e .
Pr3SnH + OIT" + li^O  Pr3&nOH + Eg + OH*” (12 )
Pr3SnH + GH3O’” + CH3OH  f Pr3SnOCH3 + Eg + GH3O"" (1 3)
The s o l v o l y s i s  r e a c t i o n s  o f  t i n  h y d r i d e s  a r e  o f  
s p e c i a l  i n t e r e s t  s i n c e  t h e y  a p p e a r  t o  i n v o l v e  a h y d r i d e  t r a n s ­
f e r  a s  w e l l  a s  g e n e r a l  a c i d  and g e n e r a l  b a s e  c a t a l y s i s .  T h i s  
r e s e a r c h  was u n d e r t a k e n  t o  d e t e r m i n e  i f  t h i s  i s  a c t u a l l y  t h e  
c a s e  and  t o  e x am in e  o t h e r  c h a r a c t e r i s t i c s  o f  t h e  r e a c t i o n ,  
p a r t i c u l a r l y  k i n e t i c  h y d r o g e n  i s o t o p e  e f f e c t s  on t h e  h y d r o g e n  
bound  t o  t i n .  I n  a d d i t i o n ,  s i n c e  t h e  r e a c t i o n  a p p e a r s  t o  i n ­
v o l v e  a r a t e  d e t e r m i n i n g  p r o t o n  t r a n s f e r ,  t h e  h y d r o g e n  i s o t o p e  
e f f e c t  o n  a c i d s  o f  v a r i o u s  s t r e n g t h s  c o u l d  a l s o  be  d e t e r m i n e d .
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6 .
t h e  p r e s s u r e  a t  t im e  t ,  P qq i s  t h e  f i n a l  p r e s s u r e  r e a d i n g  
and  k i s  t h e  o b s e r v e d  r a t e  c o n s t a n t .  F i g u r e  1 shows a t y p i ­
c a l  f i r s t - o r d e r  k i n e t i c  p l o t ,  w h e r e  y i s  d e f i n e d  a s  P qo—P*
I n ( P ^ o - P )  = - k t  ( 1 4 )
Seco n d —o r d e r  r a t e  c o n s t a n t s  w e re  o b t a i n e d  f ro m  
e q u a t i o n  ( l 5 ) ,  w h e r e  b and a r e p r e s e n t  t h e  i n i t i a l
c o n c e n t r a t i o n s  o f  a c i d  and h y d r i d e  r e s p e c t i v e l y ,  Poo  i s  t h e
f i n a l  p r e s s u r e ,  P q i s  t h e  i n i t i a l  p r e s s u r e ,  P i s  t h e  p r e s s u r e  
a t  some t i m e  t  and  k i s  t h e  o b s e r v e d  r a t e  c o n s t a n t .  F i g u r e  2 
shows a t y p i c a l  s e c o n d —o r d e r  k i n e t i c  p l o t ,  w i t h  t h e  r i g h t -  
h a n d  s i d e  o f  e q u a t i o n  ( l 5 )  r e p r e s e n t e d  a s  I n x ,
A p r e s s u r e  — t i m e  p l o t  f o r  r u n  #7  g a v e  an  S s h a p e d  
c u r v e ,  i n d i c a t i v e  o f  a n  a u t o c a t a l y t i c  r e a c t i o n .  The d a t a  f o r  
t h i s  r u n  w e re  b e s t  t r e a t e d  u s i n g  a f i r s t  o r d e r  a u t o c a t a l y t i c  
e x p r e s s i o n  ( e q u a t i o n  1 6 ) ,  w h e r e  t h e  t e r m s
b / 8 ( P o o ^ o )  + (P -P o )
( a + b ) k t  = I n ---- ---    (16 )
b / « ( P o o - F )
h a v e  t h e  same s i g n i f i c a n c e  a s  i n  e q u a t i o n  ( l 5 )  w i t h  t h e  ex­
c e p t i o n  o f  b ,  w h i c h  i s  t a k e n  a s  t h e  c o n c e n t r a t i o n  o f  p r o d u c t  
u s i n g  a z e r o  t i m e  o f  two h o u r s .  F i g u r e  3 shows t h e  k i n e t i c  
p l o t  f o r  t h i s  r u n ,  w i t h  t h e  r i g h t - h a n d  s i d e  o f  e q u a t i o n  ( 1 6 )  
r e p r e s e n t e d  a s  I n z ,
B. P h o s p h o r i c  A c i d . P h o s p h o r i c  a c i d  was t h e  f i r s t  
a c i d  s t u d i e d  w i t h  w h i c h  q u a n t i t a t i v e  a m o u n t s  o f  h y d r o g e n  w e r e
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
F I G U R E  2
R a t e  p l o t  f o r  run 4^  1 4 6
8.
0  75
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IQ .
e v o l v e d .  ( H a l o g e n a t a d  c a r b o x y l i c  a c i d s  a p p e a r e d  t o  u n d e r g o  
a n  a d d i t i o n a l  s i d e  r e a c t i o n  i n v o l v i n g  c o n s u m p t i o n  o f  t h e  t i n  
h y d r i d e  w i t h o u t  p r o d u c t i o n  o f  h y d r o g e n .  W o l t e s  and  v a n  d e r  
Kerk^.^ h a v e  r e p o r t e d  t h a t  t r i p h e n y l t i n  h y d r i d e  r e a c t s  w i t h  
a l k e n y l  c h l o r i d e s  t o  u n d e r g o  r e d u c t i o n  g i v i n g  t r i p h e n y l t i n  
c h l o r i d e  and  t h e  c o r r e s p o n d i n g  a l k e n e ) .  The r e s u l t s  o b t a i n e d  
w i t h  t h i s  a c i d  a r e  l i s t e d  i n  T a b le  I .
T a b l e  I
R a te c o n s t a n t s  f o r p h o s p h o r i c ao i d
Run [bu^ S uh ] S o l v e n t kxlO^(M” ^ s e c
7 0 . 0 2 6 0 7 0 .0 1 3 0 THP 3 . 98b8 0 .0 2 4 4 1 0 . 0 1 2 2 10?^H20-THP 1 . 6 8 ^
9 0 .0 2 6 9 7 0 . 0 1 1 0 ZO^HgO-THP 3 .4 9
10 0 .0 2 4 5 0 0 . 0 1 1 2 30^H20-THP 9 . 6 2
12 0 . 1 1 9 1 0 . 0 1 1 2 II 7 .7 1
17 0 .0 1 3 1 2 0 .0 1 0 4 11 1 1 . 0
18 0 .0 1 7 5 0 0 . 0 1 2 2 n 9 .4 5
a ,  f i r s t - o r d e r  a u t o c a t a l y t i c
b .  u s u a l  s e c o n d —o r d e r  r a t e  c o n s t a n t s
T h e s e  e a r l y  r u n s  d i d  s e r v e  t o  I n d i c a t e  t h a t  t h e
THF s o l v e n t  w o u ld  b e  s a t i s f a c t o r y  f o r  f u r t h e r  s t u d y ,  
t h i s  b e i n g  t h e  l i m i t i n g  am oun t  o f  w a t e r ,  s i n c e  t h e  s o l u b i l i t y  
o f  t h e  h y d r i d e  O.OIM) was  t h e  l o w e s t  t h a t  was c o n v e n i e n t  
t o  u s e  w i t h  t h e  e x p e r i m e n t a l  p r o c e d u r e  f o l l o w e d .  These  r u n s  
i n d i c a t e d  t h a t  t h e  r e a c t i o n  w as  f i r s t - o r d e r  i n  e a c h  r e a c t a n t ,  
a l t h o u g h  some u n e x p l a i n e d  e f f e c t  c a u s e d  t h e  o b s e r v e d  r a t e  
c o n s t a n t  t o  i n c r e a s e  w i t h  d e c r e a s i n g  a c i d  c o n c e n t r a t i o n .
C . O x a l i c  A c i d . Due t o  t h e  c o m p l i c a t i o n s  w i t h
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
1 2 .
t h e  t r e a t m e n t  was  n o t  s a t i s f a c t o r y .
I I .  A c id  C a t a l y s i s  i n  M e t h a n o l
S i n c e  t h e  c a u s e  o f  t h e  i n c o n s i s t e n c i e s  i n  t h e  ob­
s e r v e d  r a t e  c o n s t a n t s  w e re  n o t  known, a n u m b er  o f  c o m p o n e n ts  
i n  t h e  s y s t e m  u n d e r  s t u d y  w e re  c h a n g e d .  The s o l v e n t  was 
c h a n g e d  t o  a n h y d r o u s  m e t h a n o l  and  t h e  a c i d  c h o s e n  f o r  s t u d y  
was o—n i t r o b e n z o i c  a c i d .  I n i t i a l  r u n s  w a r e  made w i t h  a n  
u n b u f f e r e d  s y s t e m  and t h e  r e s u l t s ,  l i s t e d  i n  T a b l e  I I I ,  
a p p e a r e d  v e r y  s i m i l a r  t o  t h o s e  o b t a i n e d  p r e v i o u s l y .
T a b le  I I I
R a to  c o n s t a n t s  f o r  i m b u f f e r e d  o—n i t r o b e n z o i c  a c i d  ( V I I )
)Run [ v i i ] [Bu^SnH] loclO^(M ^860
45 0 .0 8 4 6 0 .0 0 7 3 2 2 . 1 9
47 0 .0 5 9 0 I t 2 . 1 6
42 0 .0 4 2 3 Tl 1 . 9 9
43 0 .0 4 2 3 II 2 .0 6
46 0 .0 2 9 5 II 2 .0 3
44 0 .0 0 8 4 6 I t 3 . 2 2
A. B u f f e r e d  A c id  S y s t e m s . At t h i s  p o i n t  i n  t h e  
i n v e s t i g a t i o n  i t  was f i n a l l y  r e a l i z e d  t h a t  p r o b a b l y  t h e  b e s t  
way t o  a t t a c k  t h e  p r o b l e m  w o u ld  b e  t o  u s e  a b u f f e r e d  sy s te m  
a t  c o n s t a n t  i o n i c  s t r e n g t h .  The i o n i c  s t r e n g t h  was m a in ­
t a i n e d  a ty U  = 0 , 1 0 0 0  by  a d d i t i o n  o f  sod ium  p e r c h l o r a t e  when 
n e c e s s a r y .  I f  t h e  f o l l o w i n g  r e a c t i o n s  a r e  i m p o r t a n t :
Bu^SnH + HA H2 + Bu^SnA ( 1 ? )
+  +Bu^SnH + H - 8 - *  H2 + B iy S n ^  (1 8 )
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1 3 .
Then ,  i n  a b u f f e r e d  s y s t e m ,  t h e  f o l l o w i n g  r a t e  e q u a t i o n  
s h o u l d  s a t i s f a c t o r i l y  c o r r e l a t e  t h e  d a t a :
r a t e  = k ^ b s  fB u 3 SnH] = [Su^Snl^ + ^ H + ^  (19 )
^ o b s  ^HA £HA]^
A p l o t  o f  k ^ b s  v s .  s h o u l d  g i v e  an  i n t e r c e p t
v a l u e  o f  kpj^ and a s l o p e  e q u a l  t o  kjj+^H^] . T h i s  t r e a t m e n t  
was c a r r i e d  o u t  w i t h  2 , 5 —d i n i t r o b e n z o i c  a c i d ,  o—n i t r o b e n z o i c  
a c i d ,  p—n i t r o b e n z o i c  a c i d  and b e n z o i c  a c i d .  Two d i f f e r e n t  
b u f f e r  r a t i o s  w e r e  u s e d  w i t h  o—n i t r o b e n z o i c  a c i d  i n  o r d e r  t o  
f u r t h e r  v a l i d a t e  t h e  m a n n e r  o f  t r e a t i n g  t h e  d a t a .  The d a t a  
o b t a i n e d  obeyed  s e c o n d  o r d e r  k i n e t i c s  o v e r  a t  l e a s t  80 /o o f  
e a c h  r e a c t i o n  and  a r e  l i s t e d  i n  T a b l e s  IV—V I I  a l o n g  w i t h  
t h e i r  r e s p e c t i v e  b u f f e r  p l o t s  i n  F i g u r e s  4—7 .  A l l  l i n e s  a r e  
d raw n on  t h e  b a s i s  o f  l e a s t  s q u a r e s  v a l u e s .
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T abla  V
B u f f e r  d a t a  f o r 2 , 5 —d i n i t r o b e n z o i c a c i d
IX = 2 , 5 —<3 i n i  t  r o b  e n z  o i c a c i d
Run f a c i d l . .J.. k(M ^ s e c
£base'3 f i x ]
68 4 . 0 0 1 0 . 2 0 .0 5 3 9
163 II 1 7 . 1 0 .0 5 7 5
1 64 II 1 7 . 1 0 .0 5 9 0
70 II 5 1 . 2 0 .0 7 0 0
167 II 6 8 . 4 0 .0 7 3 4
168 II 6 8 . 4 0 .0 6 9 0
k  = 0 .0 5 2 4  I 'T'^sec” '!
IX
s l o p e = 2 . 8 4 x l 0 * ^ 3 e c " " l
T ab le  VI
B u f f e r  d a ta  f o r  p—n i t r o b e n z o i c  a c id
X = p—n i t r o b e n z o i c  a c id  
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4.86
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o r d e r  k i n e t i c s  o v e r  t h e  Z0% r a n g e  u s u a l l y  s t u d i e d .  The second-  
o r d e r  r a t e  c o n s t a n t s  w e r e  o b t a i n e d  by  d i v i d i n g  t h e  o b s e r v e d  
f i r s t - o r d e r  c o n s t a n t s  b y  t h e  m o l a r  c o n c e n t r a t i o n  o f  m e t h a n o l  
(2]4-,5 M ) . The r e s u l t s  o b t a i n e d  a r e  l i s t e d  i n  T a b l e  X.
T a b l e  X 
R a te  c o n s t a n t s  f o r  m e t h a n o l
Run gXlO^ ( s e o - l )  kxlO® ( V r^  s e c - 1 )
196 l . i j .6  6.0l|_
197 1.14 4-. 65
198 1 .3 6  5 . 5 5
199 1 . ^ 7  6 . 0 0
a v e r a g e  = 5« 7 ± 0 . 3x10—^ M—1 s e c  1
tl
D. B r o n s t e d  C o r r e l a t i o n . I t  was o f  i n t e r e s t  t o  t e s t
If 1 O
t h e  d a t a  o b t a i n e d  t h u s  f a r  w i t h  t h e  B r o n s t e d  c o r r e l a t i o n  , 
s i n c e  f e w  e x a m p le s  o f  s y s t e m s  w i t h  b o t h  g e n e r a l  a c i d  c a t a l y s i s  
a n d ,  a s  w i l l  be  d i s c u s s e d  m ore  f u l l y  l a t e r ,  r a t e  d e t e r m i n i n g  
p r o t o n  t r a n s f e r  h a v e  b e e n  r e p o r t e d .  The s t a t i s t i c a l l y  c o r r e c t e d  
fo rm  o f  t h e  B r o n s t e d  r e l a t i o n  ( e q u a t i o n  2 1 )  was u s e d  i n  w h i c h  
k i s  t h e  s p e c i f i c  r a t e  c o n s t a n t  f o r  a p a r t i c u l a r  a c i d  whose
-  l o g ( 0  = - 0 [  l o g ( ^  -  l o g  G- (2 1 )
d i s s o c i a t i o n  c o n s t a n t  i n  m e t h a n o l  i s  K^, o( and  G a r e  con ­
s t a n t s  c h a r a c t e r i s t i c  o f  t h e  s y s t e m ,  p  i s  t h e  num ber  o f  e q u i v ­
a l e n t  p r o t o n s  i n  t h e  a c i d  a t t a c h e d  t o  d i f f e r e n t  a to m s  and q  i s  
t h e  n um b er  o f  e q u i v a l e n t  p o s i t i o n s  w h e re  a p r o t o n  c a n  be  a c ­
c e p t e d  i n  t h e  c o n j u g a t e  b a s e .  The p e r t i n e n t  d a t a  a r e  l i s t e d
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I n  T a b l e  X I ,  and F i g u r e  8 r e p r e s e n t s  t h e  l e a s t  s q u a r e s  c o r ­
r e l a t i o n  o f  t h e  d a t a .  The l e a s t  s q u a r e s  v a l u e  f o r  t h e  
e q u a t i o n  o f  t h e  l i n e  i s
l o g ( | )  = 0 . 5 8 0  l o g ( |  k) + 2.1|3 (22 )
T a b le  XI
P e r t i n e n t  d a t a  f o r  B r o n s t e d  c o r r e l a t i o n
ac i d k (M -^ 88 C -^ ) - l o g K P q - l o g ( | ) - l o g ( & K )
V I I 0 . 0 1 6 1 7 . 5 8 0 a 1 2 1 . 7 9 3 7 .2 7 9
V I I I 0 . 0 0 1 0 1 9 . 4 2 2 a 1 2 2 .9 9 6 9 . 1 2 1
IX 0 . 052)4. 7 . 0 4 d 1 2 1 .2 8 1 6 . 7 4
X 0 .0 0 3 8 0 8 . 3 4 9 a 1 2 2 .4 2 0 8 .0 4 8
CH3 OH 5 . 7 x 1 0 - 8 1 6 . 7 b 1 1 7 .2 4 4 1 6 . 7
HG10|^ 52 ( 1 . 8 0 ) o 1 4 - 1 .7 1 6 ( 1 . 2 0 )0
a . r e f .  1 3 Î b .  r e f .  1 4 ; c . e x t r a p o l a t e d
d .  c a l c u l a t e d  on  t h e  b a s i s  t h a t  t h e  same p r o ­
p o r t i o n a l  c h a n g e  o c c u r s  b e t w e e n  V I I I  and IX 
i n  m e t h a n o l  a s  i n  w a t e r .
4 v a l u e  f o r  t h e  d i s s o c i a t i o n  c o n s t a n t  o f  p e r c h l o r i c  
a c i d  i n  m e t h a n o l  may be  o b t a i n e d  by u s e  o f  t h e  B r o n s t e d  
c o r r e l a t i o n .  I f  t h e  a c i d  w e re  c o m p l e t e l y  d i s s o c i a t e d ,  t h e  
d i s s o c i a t i o n  c o n s t a n t  w ou ld  be  e q u a l  t o  t h e  m o l a r  c o n -
32 F o r  com—c e n t r a t i o n  o f  m e t h a n o l  (K=32) b y  d e f i n i t i o n
15p a r i s o n ,  M a r s h a l l  and Grunw ald  ^ h a v e  r e p o r t e d  i o n —p a i r  d i s ­
s o c i a t i o n  c o n s t a n t s  o f  h y d r o c h l o r i c  a c i d  i n  m e t h a n o l  r a n g i n g  
f ro m  0 . 0 6 8  t o  O.OI4. I .  P l a c i n g  t h e  f u n c t i o n  o f  t h e  o b s e r v e d  
r a t e  c o n s t a n t  o f  52 I'T’^ s e c ”"^ f o r  p e r c h l o r i c  a c i d  on t h e  l i n e  
d e t e r m i n e d  b y  t h e  o t h e r  a c i d s  a v a l u e  o f  1 . 2 0  was o b t a i n e d
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c a l l y  i n d i s t i n g u i s h a b l e  a n i o n —l y o n iu m  i o n  c o n j u g a t e  p a i r .
The s e c o n d  i s  w h e t h e r  o r  n o t  t h e  r e a c t i o n  p r o c e e d s  by  a p r e -  
e q u i l i b r i u m  p r o t o n  t r a n s f e r  ( e q u a t i o n  2 3 ) o r  b y  a r a t e  d e t e n -  
m i n i n g  p r o t o n  t r a n s f e r  ( e q u a t i o n  1 7 ) .
Bu^SnH + HA Bu3 SnH2 +
+  _  k ‘ 23)
Bu^SnHg + A gpow^ p r o d u c t s
A l t h o u g h  t h e s e  m e c h a n i s t i c  p o s s i b i l i t i e s  a r e  k i n e t i — 
c a l l y  i n d i s t i n g u i s h a b l e ,  t h e y  may be  d i f f e r e n t i a t e d  by m e a s u r ­
i n g  t h e  e f f e c t  o f  h y d r o g e n  I s o t o p e  s u b s t i t u t i o n  on  t h e  r e a c t i o n  
r a t e .  A d i s c u s s i o n  o f  t h e s e  e f f e c t s  and  t h e i r  i m p l i c a t i o n s  
w i l l  be  f o u n d  i n  t h e  s e c t i o n  d e a l i n g  w i t h  i s o t o p e  e f f e c t s .
E. E f f e c t  o f  H a l i d e  I o n . I t  was o f  i n t e r e s t  t o  
d e t e r m i n e  i f  t h e r e  was any  e f f e c t  o f  h a l i d e  i o n  on  t h e  
r e a c t i o n  r a t e .  I n  o r d e r  t o  c a r r y  o u t  t h e  t e s t ,  sod ium  c h l o r ­
i d e ,  sod ium  b r o m id e  and sod ium  i o d i d e  w e re  s u b s t i t u t e d  i n ­
d i v i d u a l l y  i n  p l a c e  o f  sod ium  p e r c h l o r a t e  i n  t h e  c o n c e n t r a t i o n  
d e s i r e d ,  f o r  a num ber  o f  r u n s  w i t h  t h e  l | . / l  o—n i t r o b e n z o i c  a c i d  
b u f f e r .
The r e s u l t s  o b t a i n e d  a r e  l i s t e d  i n  T a b le  X I I .  B e c a u s e  
o f  t h e  s c a t t e r  i n  v a l u e  o f  t h e  r a t e  c o n s t a n t s  o b t a i n e d  a t  a 
g i v e n  a c i d  c o n c e n t r a t i o n  and t h e  m a n n e r  o f  c h a n g e  o f  r a t e  c o n ­
s t a n t  w i t h  b o t h  c h a n g e  i n  a c i d  c o n c e n t r a t i o n  and c h a n g e  i n  
h a l i d e  c o n c e n t r a t i o n , a t  a g i v e n  a c i d  c o n c e n t r a t i o n ,  i t  i s  
d i f f i c u l t  t o  i n t e r p r e t  t h e  r e s u l t s .  The b e s t  d a t a  w e r e  ob­
t a i n e d  w i t h  c h l o r i d e  i o n ,  s i n c e  i t  g a v e  t h e  l a r g e s t  d i f f e r ­
e n c e s  i n  r a t e  f ro m  t h e  r u n s  w i t h  no a d d ed  h a l i d e  i o n .  I t  i s
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T a b l e  X I I
o—N l t r o b e n z o i o  a c i d  r a t e  c o n s t a n t s  f o r  a d d e d  h a l i d e  i o n
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t r a t l o n  w o u ld  b é  t h e  f o r m a t i o n  o f  a c o m p le x  b e t w e e n  t h e  hy­
d r i d e  and t h e  h a l i d e  i o n .  E v i d e n c e  i s  p r e s e n t e d  l a t e r  f o r  
t h e  f o r m a t i o n  o f  a s i m i l a r  c o m p le x  i n  t h e  b a s e  c a t a l y s e d  
r e a c t i o n .  How ever ,  i f  t h e  f o r m a t i o n  o f  s u c h  a c o m p le x  i n ­
c r e a s e s  t h e  r a t e  o f  r e a c t i o n  w i t h  o—n i t r o b e n z o i c  a c i d  a s  
e v i d e n c e d  by  t h e  c h a n g e  i n  t h e  i n t e r c e p t  v a l u e s  o f  F i g u r e  9,  
t h e n  i t  s h o u l d  a l s o  i n c r e a s e  t h e  r a t e  o f  t h e  l y o n iu m  i o n  
r e a c t i o n .  A l t h o u g h  t h e  p r e s e n t  d a t a  i s  n o t  s u f f i c i e n t l y  
a c c u r a t e  t o  p r o v i d e  a r i g o r o u s  t e s t  o f  t h i s  h y p o t h e s i s ,  t h e  
r e s u l t s  do n o t  a p p e a r  t o  v e r i f y  s u c h  a n  i n c r e a s e  i n  t h e  l y — 
onium  i o n  r a t e , w h i c h  w ould  m a n i f e s t  i t s e l f  i n  an  i n c r e a s e d  
s l o p e  o f  t h e  l i n e  f o r  t h e  b u f f e r  p l o t s .  R e l i a b l e  i n t e r p r e ­
t a t i o n  o f  t h e  n a t u r e  o f  t h e  e f f e c t  o f  t h e  h a l i d e  i o n s  w i l l  
h a v e  t o  a w a i t  f u r t h e r  d e t a i l e d  s t u d i e s ,
P .  R e a c t i o n s  o f  T r i p h e n y l t i n  H y d r i d e . E x p a n d in g
t h e  k i n e t i c  s t u d y  t o  i n c l u d e  t r i a r y l t i n  h y d r i d e s  o f f e r e d  t h e
p o t e n t i a l  o f  b e i n g  a b l e  t o  s t u d y  t h e  e f f e c t  o f  s u b s t i t u e n t s
on  t h e  a r o m a t i c  n u c l e u s  on t h e  r e a c t i o n  r a t e ,  i n  h o p e s  o f
d e v e l o p i n g  a b e t t e r  u n d e r s t a n d i n g  o f  t h e  t r a n s i t i o n  s t a t e .
I'^hen a n  a t t e m p t  was made t o  s t u d y  t h e  r e a c t i o n  w i t h  o—n i t r e —
b e n z o i c  a c i d ,  t h e r e  was  no  n o t i c e a b l e  e v o l u t i o n  o f  g a s ,
] 7M o i t e s  and  v a n  d e r  K e rk  h a v e  r e c e n t l y  r e p o r t e d  t h a t  t r i -  
p h e n y l  t i n  h y d r i d e  r e a c t s  w i t h  p—n i t r o s t y r e n o  t o  p r o d u c e  h e x a — 
p h e n y l d i t i n  and a n i l i n e .  P r e s u m a b l y  a s i m i l a r  r e a c t i o n  o c c u r s  
i n  t h i s  i n s t a n c e .
Tlie r e a c t i o n  w i t h  p e r c h l o r i c  a c i d  d i d  p r o c e e d  
q u a n t i t a t i v e l y  and t h e  r e s u l t s  a r e  l i s t e d  i n  T a b le  X I I I ,
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T a b l e  XIV 
R a te  c o n s t a n t s  f o r  sod ium  m e t h o x i d e
Run longer] kçj^gXlO^( s e c " ^ ) kxlO ^(rr2 s e c - l )
117 0 .0 9 9 1 6 2 .0 5 8 .1 0
118 0 . 0I4.958 1 .0 5 8.1I|.
176 0 .0 7 5 0 0 1 .6 5 8 .9 8
177 0 .0 7 5 0 0 1 .6 0 8 . 7 4
178 0 .0 2 5 0 0 0 .530 8 .6 7
179 0 .0 2 5 0 0 0 .5 1 2 8 .3 8
256 0 .1 0 0 0 1 .7 3 7 . 9 5
263 O.IOOO 2 .0 3 8 .3 0
26 .^ 0 .1 0 0 0 2 .0 9 8 . 5 5
a v e r a g e  = ô,li.2± 0 . 2 8
The r a t e  e x p e r i m e n t s  o beyed  f i r s t - o r d e r  k i n e t i c s j 
t h a t  i s ,  t h e  d a t a  f i t  e q u a t i o n  (II4- ) ,  Upon d i v i d i n g  t h e  ob­
s e r v e d  f i r s t - o r d e r  r a t e  c o n s t a n t s  by  t h e  b a s e  c o n c e n t r a t i o n  a 
s i n g l e  v a l u e  f o r  t h e  r a t e  c o n s t a n t  i s  o b t a i n e d  i n d i c a t i v e  o f  
a p s u e d o  f i r s t - o r d e r  r e a c t i o n .  The r e a c t i o n  may t h e r e f o r e  be 
r e p r e s e n t e d  by  e i t h e r  e q u a t i o n  ( 2i|.) o r  ( 2 5 ) ,  b o t h  o f  w h ic h
Bu3SnH + CH30“  + CH3OH - g io ^  Bu3SnOCU3 + Hg + CH3O" (2k)
KBu^SnH -f CH3O Bu3SnHOCH3"
, ) 
Bu.SnHOCH^ + CH^OH » Bu3 SnOGH3 + H2 + CH3 O"" )
( 2 5 )
s a t i s f y  p s u e d o  f i r s t - o r d e r  k i n e t i c s  s i n c e  t h e  m e t h a n o l  i s  
p r e s e n t  i n  l a r g e  e x c e s s ,  and t h e  m e t h o x i d e  i o n  i s  r e g e n e r a t e d ,  
A l t h o u g h  t h e  r a t e  d a t a  may b e  c o r r e l a t e d  by  e x p r e s s i o n  ( 2 6 ) ,  
t h e  r a t e  c o n s t a n t s  a r e
r a t e  = k G
BuoSnH CH3 O (26)
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r e p o r t e d  a s  t h i r d —o r d e r  r a t e  c o n s t a n t s  c o r r e s p o n d i n g  t o  
e q u a t i o n  ( 2 5 ) ,  i n  o r d e r  t o  p u t  them  on t h e  same b a s i s  a s  t h e  
p r e v i o u s  r e a c t i o n s ,  s i n c e  t h e r e  m u s t  be  a t  l e a s t  one s o l v e n t  
m o l e c u l e  i n t i m a t e l y  i n v o l v e d  i n  t h e  t r a n s i t i o n  s t a t e .  The 
t h i r d —o r d e r  c o n s t a n t s  w e r e  o b t a i n e d  b y  d i v i d i n g  t h e  o b s e r v e d  
f i r s t - o r d e r  c o n s t a n t  b y  t h e  p r o d u c t  o f  t h e  c o n c e n t r a t i o n s  o f  
b a s e  and s o l v e n t ,  A l t h o u g h  i t  i s  n o t  p o s s i b l e  t o  d i s t i n g u i s h  
b e t w e e n  m e c h a n i sm s  (2ij.) and  (2 5 )  f ro m  t h e  d a t a  p r e s e n t e d  t h u s  
f a r ,  e v i d e n c e  a v a i l a b l e  i n  t h e  l i t e r a t u r e  make one seem more 
l i k e l y  t h a n  t h e  o t h e r ,
22S a b o r n  and P a n d a  h a v e  s u g g e s t e d  t h a t  t h e  l a r g e r  
d i f f e r e n c e  i n  r e a c t i v i t y  i n  g o i n g  f r o m  ge rm anium  t o  t i n ,  i n  
t h e  p e r c h l o r i c  a c i d  c l e a v a g e  o f  t h e  t r i e t h y l a r y l  compounds o f  
t h e  g r o u p  IV e l e m e n t s ,  i s  due  t o  t h e  a b i l i t y  o f  t i n  t o  u t i ­
l i z e  i t s  v a c a n t  d o r b i t a l s  i n  f u r t h e r  c o o r d i n a t i o n ,  J o s h i  and  
W y a t t  h a v e  p r e s e n t e d  s t r o n g  e v i d e n c e  f o r  t h e  e x i s t e n c e  o f  a
1 : 1  c o m p le x  b e t w e e n  t r i e t h y l t i n  c h l o r i d e  and 1 ° ,  2° and  3° 
a m i n e s '  They s u g g e s t  t h a t  e q u a t i o n s  ( 2 ? )  and (28 )  r e p r e s e n t
t h e  e q u i l i b r i a  b e tw e e n  t r i e t h y l t i n  c h l o r i d e  and d i m e t h y l a m i n e ,
d e p e n d e n t  on t h e  a m o un ts  o f  r e a c t a n t s  u s e d .
2 E t^ S n C l  + 2 Me^NH Et^SnNMez + MezMHg* + E t3 S n C l2 ”" (2 7 )
2 E t^ S n C l  + MegNH Et^ShNHMog'^ + E t . S h C l g "  (2 8 )
Sommer and  c o — w o r k e r s ^ 4  h a v e  p o s t u l a t e d  t h a t  a 
d s p r  c o m p le x  i s  i n v o l v e d  i n  t h e  b a s e  c a t a l y s e d  h y d r o l y s i s  o f
1—m e t h y l —l —s l l a c y c l o b u t a n e  and s u g g e s t  t l i a t  t h e  c o m p lex  
a p p l i e s  t o  t h e  r e a c t i o n  w i t h  b r i d g e h e a d  and  a c y c l i c  s i l a n e s
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2 8
and  B e g e l a i s e n  t h a t  t h e  o b s e r v e d  a c i d  i s o t o p e  e f f e c t  s h o u l d  
b e  d e p e n d e n t  on t h e  a c i d  s t r e n g t h  w ou ld  a l s o  be  a f f o r d e d ,
A, T h e o r e t i c a l  I s o t o p e  E f f e c t s . I n  o r d e r  t o  h a v e  a 
r e f e r e n c e  p o i n t  f o r  d i s c u s s i n g  o b s e r v e d  i s o t o p e  e f f e c t s  on 
t h e  r e a c t i o n  r a t e s ,  i t  i s  c o n v e n i e n t  t o  h a v e  a n  e s t i m a t e  o f  
t h e  maximum i s o t o p e  e f f e c t s  w h i c h  m i g h t  be  e x p e c t e d .  An 
e x a c t  c a l c u l a t i o n  o f  t h e  t h e o r e t i c a l  v a l u e s  o f  t h e  i s o t o p e  
e f f e c t s  f o r  a s y s t e m  a s  c o m p le x  a s  t h a t  s t u d i e d  i n  t h e  p r e s e n t  
i n v e s t i g a t i o n  i s  q u i t e  d i f f i c u l t ,  o w in g  t o  t h e  l a c k  o f  know­
l e d g e  o f  t h e  s t r u c t u r e  o f  t h e  t r a n s i t i o n  s t a t e .  N e v e r t h e l e s s ,  
some maximum v a l u e s  may b e  c a l c u l a t e d .  The s i g n i f i c a n c e  o f
v a r i o u s  f a c t o r s  i n v o l v e d  i n  t h e  c a l c u l a t i o n  o f  t h e o r e t i c a l
32h y d r o g e n  i s o t o p e  e f f e c t s  h a s  b e e n  f u l l y  d i s c u s s e d  by  B e l l  
and t h e  a s s u m p t i o n s  u s u a l l y  em ployed  a r e  u s e d  i n  t h e  t r e a t ­
m e n t  p r e s e n t e d  h e r e .  P r i m a r y  i s o t o p e  a f f e c t s  a r e  p r e s e n t  i n  
a r e a c t i o n  b e c a u s e  b o n d s  i n v o l v i n g  t h e  i s o t o p i c  s u b s t i t u t i o n  
a r e  b e i n g  b r o k e n  a n d / o r  f o r m e d .  The i s o t o p e  e f f e c t s  a r e  c o n ­
s i d e r e d  t o  a r i s e  p r i m a r i l y  f r o m  t h e  t e m p e r a t u r e  d e p e n d e n t  
z e r o —p o i n t  e n e r g y  f a c t o r  and  a r e  c a l c u l a t e d  w i t h  t h e  u s e  o f  
e q u a t i o n  (2 9 )  w h e r e  and  kj^ a r e  t h e  i s o t o p i c  r a t e  c o n s t a n t s ,
h i  = g ( h / 2 k ï )  [  Z  ( $ ) ]  ( 2 9 )
h )
h  and  k a r e  P l a n c k * s  and  B o l t z m a n n * s  c o n s t a n t s  r e s p e c t i v e l y ,
T i s  t h e  a b s o l u t e  t e m p e r a t u r e ,  i s  t h e  s t r e t c h i n g  f r e q u e n c y  
and t h e  s u p e r s c r i p t  #= r e f e r s  t o  t h e  t r a n s i t i o n  s t a t e .
W i t h  t h e  a i d  o f  e q u a t i o n  ( 2 9 )  and  t h e  s t r e t c h i n g
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s i n c e ,  m o s t  l i k e l y ,  some b o n d s  a r e  b e i n g  f o rm e d  w h i l e  o t h e r s  
a r e  b e i n g  b r o k e n .
B. B a s e —C a t a l y s e d  R e a c t i o n . The k i n e t i c s  o f  t h e  
m e t h o x i d e  i o n —c a t a l y s e d  r e a c t i o n s  b e tv / e e n  t h e  p a i r s  t r i —n -  
b u t y l t i n  d e u t e r i d e  and m e t h a n o l ,  t r i —r ^ t a L i t y l t l n  h y d r i d e  and 
m e t h a n o l —d and  t r i —n—b u t y l  t i n  d e u t e r i d e  and m e t h a n o l —d h a v e  
b e e n  d e t e r m i n e d  a t  25° and 0®C. The r e s u l t s  o b t a i n e d  a r e  
l i s t e d  i n  T a b l e  X V II ,  F or t h e  p u r p o s e s  o f  t a b u l a t i o n ,
A = Bu^BnH, D = Bu^SnD, OH = GH^OH and  CD = GH^OD, i s o ­
t o p e  e f f e c t s ,  i . e . ,  t h e  i s o t o p i c  r a t e  r a t i o s ,  w h i c h  may be  
d e r i v e d  f ro m  t h e s e  d a t a  a r e  l i s t e d  i n  T a b l e  X V I I I .  Runs 
# 26 5  and  #2 6 6  w e r e  c a r r i e d  o u t  u s i n g  a 1—1 m i x t u r e  o f  t i n  
h y d r i d e  and t i n  d e u t e r i d e .  T h ese  r u n s  s h o u l d  h a v e  g i v e n  r a t e  
c o n s t a n t s  w h i c h  w e r e  i d e n t i c a l  t o  t h o s e  o b t a i n e d  w i t h  t h e  
h y d r i d e  and  d e u t e r i d e  s e p a r a t e l y ,  s i n c e  no  h y d r i d e  i s o t o p e  
e f f e c t  w as  o b s e r v e d  f o r  t h i s  p a i r .  The r e s u l t s  a r e  i n  
a g r e e m e n t  w i t h  t h e  r a t e  c o n s t a n t s  o b s e r v e d  f o r  t h e  h y d r i d e — 
m e t h a n o l  and d e u t e r i d e —m e t h a n o l  p a i r s ,  A b a s e —c a t a l y s e d  r u n  
( # 2 7 4 )  M'as c a r r i e d  o u t  u s i n g  t i n  h y d r i d e  and a 50—50 m i x t u r e  
o f  t h e  s o l v e n t s  w h i c h  h ad  b e e n  u s e d  s e p a r a t e l y  i n  t h e  o t h e r  
r a t e  e x p e r i m e n t s .  The o b s e r v e d  r a t e  c o n s t a n t ,  6 , 1 0  x  10”^^ 
M^^sec*”^ ,  a g r e e s  v e r y  w e l l  w i t h  t h e  r a t e  c o n s t a n t  o f  5 . 6 7  i  
O.lp X 1 0 " ^  kT’^ s e c ”’^  w h i c h  w as  c a l c u l a t e d  on t h e  a s s u m p t i o n  
t h a t  t h e  i n d i v i d u a l  r a t e  c o n s t a n t s  a r e  a d d i t i v e  ; i . e . ,  r a t e  = 
^ k j j  + k p  [CH^Od]^ [Bu^SuH] . T hese  r e s u l t s  v e r i f y  t h e
v a l i d i t y  o f  t h e  i n d i v i d u a l  r a u e  c o n s t a n t s .
A l t h o u g h  t h e  m e t h a n o l —d u s e d  was n o t  i s o t o p I c a l l y
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p u r e ,  t h e  r e p o r t e d  i s o t o p e  e f f e c t s  w e re  n o t  c o r r e c t e d ,  s i n c e  
t h e  d e p e n d e n c e  o f  t h e  i s o t o p e  e f f e c t s  on  s o l v e n t  c o m p o s i t i o n  
i s  n o t  known. The r a n g e  o f  c o n t a m i n a t i o n  by m e t h a n o l  was
6 .0  — 1 0 . O / ;  s p e c i f i c  d e t a i l s  a r e  g i v e n  i n  t h e  e x p e r i m e n t a l  
s e c t i o n .
The i m p o r t a n c e  o f  t h e  s o l v e n t  i n  t h e  b a s e —c a t a l y s e d  
r e a c t i o n  i s  e m p h a s i z e d  by  t h e  l a r g e  v a l u e  o f  t h e  s o l v e n t  
i s o t o p e  e f f e c t .  I n d e e d  a v a l u e  a s  l a r g e  a s  o b s e r v e d  c o u l d  
o n l y  be  i n t e r p r e t e d  i n  t e r m s  o f  a r a t e  d e t e r m i n i n g  bond 
b r e a k i n g  i n  t h e  s o l v e n t  m o l e c u l e .  T hese  r e s u l t s  j u s t i f y  t h e  
c h o i c e  o f  t h e  t h i r d —o r d e r  r a t e  c o n s t a n t s  r e p o r t e d  e a r l i e r  
f o r  t h i s  r e a c t i o n .  From t h e  r e s u l t s  o b s e r v e d  f o r  t h e  a c i d -  
c a t a l y s e d  r e a c t i o n s  i t  i s  f e l t  t h a t  t h e  a b s e n c e  o f  a measure-  
a b l e  t i n  h y d r i d e  i s o t o p e  e f f e c t  i s  due t o  a c o m b in ed  e f f e c t  
o f  b r e a k i n g  t h e  Sn—H bond  w h i l e  f o r m i n g  t h e  H—H b o n d .
A s may be  s e e n  f ro m  T a b l e  XVI, t h e  maximum i s o t o p e
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e f f e c t  f o r  f o r m a t i o n  o f  t h e  D—D bo n d  i s  n o t  t w i c e  t h e  e f f e c t  
f o r  f o r m a t i o n  o f  t h e  H—D b o n d .  On t h i s  b a s i s  one  w o u ld  ex­
p e c t  t h e  p r o d u c t  o f  t h e  i n d i v i d u a l  i s o t o p e  e f f e c t s  t o  b e  some­
w h a t  g r e a t e r  t h a n  t h e  I s o t o p e  e f f e c t  o b s e r v e d  f o r  d o u b l e  i s o -  
t o p i c  s u b s t i t u t i o n .  On t h e  o t h e r  h a n d ,  i f  t h e r e  i s  no  h y d r i d e  
i s o t o p e  e f f e c t ,  t h e n  t h e r e  s h o u l d  n o t  b e  a n y  a d d i t i o n a l  e f f e c t  
on  t h e  s o l v e n t  i s o t o p e  e f f e c t  f o r  d o u b l e  s u b s t i t u t i o n .  Tine 
l a t t e r  a p p e a r s  t o  b e  t h e  c a s e  f o r  t h e  b a s e —c a t a l y s e d  r e a c t i o n ,
0 .  P e r c h l o r i c  A c id  R e a c t i o n . The r a t e  c o n s t a n t s  
o b t a i n e d  f o r  i s o t o p i o  s u b s t i t u t i o n  I n  t h e  p e r c h l o r i c  a c i d  
r e a c t i o n  a t  25*G a r e  l i s t e d  i n  T a b l e  XIX. The r a t e  r a t i o s  
w h i c h  may be  d e r i v e d  f r o m  t h e s e  r e s u l t s  a r e  l i s t e d  i n  T a b l e  
XX. The s m a l l  h y d r i d e  i s o t o p e  e f f e c t  i n d i c a t e s  t h a t  t h e  h y ­
d r i d e  h y d r o g e n  i s  l e s s  t i g h t l y  h e l d  i n  t h e  t r a n s i t i o n  s t a t e  
t h a n  i n  t h e  s t a r t i n g  m a t e r i a l  and  t h e  Sn—H bon d  m u s t ,  t h e r e ­
f o r e ,  b e  b r o k e n  t o  soma e x t e n t .  I f  t h e  fr-H bond  w e re  b e i n g  
f o r m e d  t o  a s m a l l  e x t e n t  a t  t h e  same t i m e ,  i t  w o u ld  a c c o i m t  
f o r  t h e  o b s e r v e d  i s o t o p e  e f f e c t .  The l a r g e  i s o t o p e  e f f e c t  
o b t a i n e d  f o r  p e r c h l o r i c  a c i d  i m p l i e s  a l a r g e  d i f f e r e n c e  i n  
b o n d i n g  b e t w e e n  s t a r t i n g  m a t e r i a l s  and t r a n s i t i o n  s t a t e  w h i c h  
m u s t  b e  due t o  a h i g h  d e g r e e  o f  bond  b r e a k i n g  i n  t h e  a c i d .
T h i s  o b s e r v a t i o n  i s  c o n s i s t e n t  w i t h  t h e  p o s t u l a t e  t h a t  t h e  
a c i d  e x i s t s  l a r g e l y  i n  t h e  f o r m  o f  i o n —p a i r s  i n  m e t h a n o l  a s  
s u g g e s t e d  by  t h e  r e s u l t s  o f  t h e  B r o n s t e d  t r e a t m e n t .  A l t h o u g h  
i s o t o p e  e f f e c t s  f o r  l y o n iu m  i o n s  a r e  g e n e r a l l y  t a k e n  t o  be 
c l o s e  t o  u n i t y ,  no e x a m p le  o f  i o n —p a i r  k i n e t i c  i s o t o p e  e f f e c t s  
a r e  a v a i l a b l e  i n  t h e  l i t e r a t u r e  f o r  c o m p a r i s o n  so t h a t  an un—
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e q u i v o c a l  a s s i g n m e n t  t o  t h e  c o m p o s i t i o n  o f  t h e  ly o n iu m  i o n  
and p e r c h l o r i c  a c i d  c a n n o t  be  m ade .
As m e n t i o n e d  i n  t h e  s e c t i o n  on t h e  b a s e —c a t a l y s e d  
r e a c t i o n ,  t h e  e x p e c t e d  i s o t o p e  e f f e c t  f o r  t h e  d o u b l y  sub­
s t i t u t e d  s y s t e m  s h o u l d  b e  somewhat l o s s  t h a n  t h e  p r o d u c t  
( 1 ,1 5  X 3 . 5  = 4 . 0 ) o f  t h e  s i n g l y  l a b e l l e d  i s o t o p e  e f f e c t s .
The o b s e r v e d  e f f e c t  ( 4 . 8 —0 , 4 )  i s  g r e a t e r  t h a n  t h i s  p r o d u c t ,  
b u t  t h e  e x p e r i m e n t a l  e r r o r  i n  t h e  o b s e r v e d  i s o t o p e  e f f e c t s  
i s  t o o  l a r g e  t o  p r o v i d e  an a c c u r a t e  b a s i s  f o r  c o m p a r i s o n ,
D. o—N i t r o b e n z o l c  A c id  R e a c t i o n . I s o t o p i c  sub­
s t i t u t i o n  was c a r r i e d  o u t  a s  i n  t h e  p r e v i o u s  e x p e r i m e n t s  and 
t h e  r e s u l t s  o b t a i n e d  a r e  l i s t e d  i n  T a b le  XXI. The c o r r e s ­
p o n d i n g  b u f f e r  p l o t s  a r e  g i v e n  i n  F i g u r e s  11 ,  12 and 13 ,  The 
d e r i v e d  r a t e  r a t i o s  a r e  g i v e n  i n  T ab le  X X II .  The i n v e r s e  hy­
d r i d e  i s o t o p e  e f f e c t  i n d i c a t e s  a h i g h e r  d e g r e e  o f  b o n d i n g  o f  
t h e  h y d r i d e  h y d r o g e n  i n  t h e  t r a n s i t i o n  s t a t e  t h a n  i n  t h e  
s t a r t i n g  m a t e r i a l .  T h i s  w ou ld  t e n d  t o  i n d i c a t e  t h a t  t h e  B-H 
bon d  was b e i n g  f o rm e d  t o  a c o n s i d e r a b l e  e x t e n t .  The l a r g e  
a c i d  I s o t o p e  e f f e c t  c e r t a i n l y  shows t h a t  t h e  a c i d  h y d r o g e n  
bond  h a s  b e e n  b r o k e n  t o  a l a r g e  e x t e n t  and t h i s  w ou ld  f r e e  
t h e  h y d r o g e n  atom f o r  bond f o r m a t i o n .  The f a c t  t h a t  t h e  
d o u b l e  I s o t o p e  e f f e c t  (3 . 8O) i s  l e s s  t h a n  t h e  p r o d u c t  ( 0 , 9 0 5  
X 5 .2 6  = 4 * 7 5 )  o f  t h e  s i n g l e  i s o t o p e  e f f e c t s ,  a s  w ould  be  ex­
p e c t e d  f r o m  p r e v i o u s  a r g u m e n t s  i f  H—H bond  f o r m a t i o n  w e re  
i m p o r t a n t ,  i s  f u r t h e r  s u p p o r t  f o r  t h e  h y p o t h e s i s  t h a t  t h e
H—H bond  h a s  b e e n  f o rm e d  t o  a c o n s i d e r a b l e  e x t e n t .
E ,  S o l v e n t  R e a c t i o n . The r e s u l t s  o b t a i n e d  upon
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i s o t o p i c  s u b s t i t u t i o n  i n  t h i s  r e a c t i o n  a r e  l i s t e d  i n  T a b l e  
X X I I I ,  w i t h  t h e  c o r r e s p o n d i n g  r a t e  r a t i o s  g i v e n  i n  T a b l e  XIV. 
I n  a d d i t i o n ,  u n c a t a l y s e d  r u n s  #257  and # 2 6 9  w e r e  c a r r i e d  o u t  
i n  m e t h a n o l  u s i n g  a p p r o x i m a t e l y  1—1 m i x t u r e s  o f  t h e  h y d r i d e  
and d e u t e r i d e .  S a t i s f a c t o r y  a g r e e m e n t  i s  o b t a i n e d  f o r  t h e  
o b s e r v e d  i n i t i a l  r a t e s  o f  l 8 . 3  x  ICT*® m o l e s  s e c —1 an d  1 9 . 4  x  
10—8 m o l e s  sac""! r e s p e c t i v e l y  w i t h  t h e  r a t e s  o f  1 5 .6  x  10^8 
m o l e s  sec""! and  1 6 ,4  x  lO""® m o le s  sec""^ w h i c h  w e r e  c a l c u l a t e d  
a s s u m i n g  a d d i t i v i t y  o f  t h e  i n d i v i d u a l  r a t e s  ; i . e . ,
r a t e  = ^kgfBu^SnH] + k p l B u ^ S n l ^ j  .
The r a t e  e x p e r i m e n t s  u s i n g  t r i —n —b u t y l t i n  h y d r i d e  and  m e t h a ­
n o l —d ,  t h e  s l o w e s t  e n c o u n t e r e d  i n  t h i s  s t u d y ,  w e re  u n u s u a l  i n  
t h a t  t h e r e  was a p e r i o d  o f  a p p r o x i m a t e l y  40  h o u r s  a t  t h e  b e ­
g i n n i n g  o f  e a c h  r u n  d u r i n g  w h i c h  t h e r e  was n o  n o t i c e a b l e  
p r e s s u r e  c h a n g e ,  ü f t e r  t h i s  i n i t i a l  p e r i o d  t h e  d a t a  o b t a i n e d  
obe y ed  f i r s t - o r d e r  k i n e t i c s .  The k i n e t i c  p l o t  f o r  r u n  # 2 2 6  
i s  r e p r e s e n t a t i v e  o f  t h i s  phenom enon  and i s  g i v e n  i n  F i g u r e  
1 4 . The r a t e  c o n s t a n t  r e p o r t e d  was t h a t  t a k e n  f ro m  t h e  
s t r a i g h t  l i n e  p o r t i o n  o f  t h e  c u r v e .  S i n c e  t h e  c o n t r o l  e x p e r i ­
m e n t s  h a v e  shown t h a t  t h e  h y d r i d e s  and  s o l v e n t s  a r e  s a t i s ­
f a c t o r y ,  i t  i s  f e l t  t h a t  t h e  a p p a r e n t  d i s c r e p a n c y  n o t i c e d  f o r  
t h e s e  r u n s  i s  s i m p l y  due  t o  i n i t i a l  s t i c k i n g  o f  m e r c u r y  i n  
t h e  m a n o m e t e r .  Such  s t i c k i n g  h a s  b e e n  n o t i c e d  i n  a nu m b er  o f  
r u n s ,  b u t  t h e y  h a v e  a l l  b e e n  r a p i d  e n o u g h  s o  t h a t  i t  p o s e d  no 
r e a l  p r o b l e m  and d i d  n o t  show up i n  t h e  r a t e  p l o t s .  F o r  ex ­
a m p l e ,  i n  t h e  b a s e —c a t a l y s e d  r e a c t i o n s ,  w h i c h  a r e  10 *^" t i m e s  
f a s t e r  t h a n  t h e  s o l v e n t  r e a c t i o n ,  w h i l e  t h e r e  was  no  o b s e r v e d
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p .  T e m p e r a t u r e  D e p e n d e n c e . The r a t e  c o n s t a n t s  ob­
t a i n e d  a t  25° and  0° f o r  t h e  b a s e  c a t a l y s e d  r e a c t i o n  a r e  
f i t t e d  b y  e q u a t i o n s
k°H= La.klîi-MhlO^] 
k g "  =  
> 5 °  = [ ( o . 9 3 : 5 : g ^ ) k i o ^ ]
a n d  C  = f ( o . 5 o : ° ; i ) . l o " ]  ; ( 1 2 . 6 0 ± 0 . W ) / , _
U n f o r t u n a  t e l y  t h e  e x p e r i m e n t a l  e r r o r s  i n  b o t h  t h e  p r e —ex p o ­
n e n t i a l  and  e x p o n e n t i a l  f a c t o r s  a r e  t o o  l a r g e  t o  a l l o w  a n y  
c o n c l u s i o n s  t o  b e  d raw n  r e g a r d i n g  t h e  d e p e n d e n c e  o f  t h e  i s o ­
t o p e  e f f e c t s .  T h e o r e t i c a l l y ,  t h e  a s s u m p t i o n s  u s e d  i n  t h i s  
w o r k  p r e d i c t  t h a t  t h e  m a j o r  p a r t  o f  t h e  i s o t o p e  e f f e c t  w o u ld
b e  a s s o c i a t e d  w i t h  t h e  t e m p e r a t u r e  d e p e n d e n t  f a c t o r ,  h o w e v e r ,
38H a r a i l l  a n d  LaMer f i n d  t h a t  t h e  o b s e r v e d  d e c r e a s e  i n  t h e  r a t e  
o f  t h e  w a t e r  r e a c t i o n  i n  t h e  m u t a r o t a t i o n  o f  g l u c o s e  a r i s e s  
p r i m a r i l y  f ro m  a d e c r e a s e  i n  t h e  p r e —e x p o n e n t i a l  t e r m  o f  t h e  
. A r r h e n i u s  r e l a t i o n ,  r a t h e r  t h a n  f ro m  a n  i n c r e a s e  i n  t h e  a c t i ­
v a t i o n  e n e r g y ,
G, Mechanism o f  t h e  R e a c t i o n . The n a t u r e  o f  t h e  
a c i d  s p e c i e s  i n  t h e  t r a n s i t i o n  s t a t e  may be  d e d u c e d  f r o m  t h e  
i s o t o p e  e f f e c t s  o b t a i n e d  f o r  t h e  v a r i o u s  a c i d s .  I n  t h e  c a s e  
o f  o—n i t r o b e n z o i c  a c i d  t h e  s p e c i e s  i n v o l v e d  may b e  e i t l i e r  t h e  
m o l e c u l a r  a c i d  o r  t h e  o—n i t r o b e n z o a t e  a n i o n —l y o n iu m  i o n  p a i r .
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I f  a n  a n i o n  w e r e  i n v o l v e d  i n  t h e  t r a n s i t i o n  s t a t e  i t  w ou ld
m o s t  l i k e l y  b e  c o m p lex e d  i n  a m a n n e r  s i m i l a r  t o  t h a t  i n  t h e
b a s e  c a t a l y s i s  and  t h e  t r a n s i t i o n  s t a t e  c o u l d  b e  a s  shown b y
(30 ). Then t h e  i s o t o p e  e f f e c t  f o r  t r a n s f e r  o f  a l y o n i u m  i o n
+
—  ^CH3
BU3Sn  ^ (30)
OCOAr
t o  a n e g a t i v e l y  c h a r g e d  s u b s t r a t e  s h o u l d  b e  s m a l l e r ,  b e c a u s e  
o f  t h e  d e c r e a s e d  a c t i v a t i o n  e n e r g y ,  t h a n  t h e  a c i d  i s o t o p e  
e f f e c t  o b s e r v e d  f o r  t h e  p e r c h l o r i c  a c i d  r e a c t i o n .  The ob­
s e r v e d  i s o t o p e  e f f e c t  f o r  o—n i t r o b e n z o i c  a c i d  i s  i n  f a c t  
l a r g e r  t h a n  t h a t  f o r  t h e  p e r c h l o r i c  a c i d  r e a c t i o n ,  a s  w ou ld
28b e  e x p e c t e d  f o r  a m o l e c u l a r  a c i d .  T h i s  l e a d s  t o  t h e  c o n ­
c l u s i o n  t h a t  t h e  m o l e c u l a r  a c i d  i s  i n v o l v e d  i n  t h i s  i n s t a n c e .
A s i m i l a r  c o m p a r i s o n  may be  made f o r  t h e  s o l v e n t  
r e a c t i o n .  The s p e c i e s  i n v o l v e d  i n  t h e  t r a n s i t i o n  s t a t e  f o r  
t h i s  r e a c t i o n  may b e  e i t h e r  one o r  m ore  m e t h a n o l  m o l e c u l e s  
o r  t h e  m e t h o x i d e  i o n —ly o n iu m  i o n  ; ^ a i r .  The t r a n s i t i o n  s t a t e  
f o r  t h e  l a t t e r  c h o i c e  c o u l d  be  r e p r e s e n t e d  by  ( 3 1 )»  I f  t h e  
m e t h o x i d e  io n —ly o n iu m  i o n  p a i r  w e re  i n v o l v e d ,  one  w o u ld  ex—
+
-  yH— fcHo
BUnSn' j  ( 3 1 )
^OGH^
p a c t  i s o t o p e  e f f e c t s  s m a l l e r  t h a n  t h o s e  i n v o l v e d  f o r  t h e  b a s e -  
c a t a l y s e d  r e a c t i o n ,  s i n c e  a g a i n  t h e  a c t i v a t i o n  e n e r g y  w o u ld  
h a v e  b e a n  l o w e r e d .  Prom t h e  o b s e r v a t i o n  t h a t  t h e  s o l v e n t  i s o —
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o f  u n s p e c i f i e d  s t r e n g t h .  T h i s  s t r u c t u r e  i s  u n d e s i r a b l e  f o r  
[ ^Bu^Sn— "] ( 3 2 )
a n u m b e r  o f  r e a s o n s .  I n  o r d e r  t o  a c c o u n t  f o r  t h e  h y d r i d e  
i s o t o p e  e f f e c t  o f  o b s e r v e d  i n  t h e  s o l v e n t  r e a c t i o n  t h e
i s o t o p e  e f f e c t  w o u ld  h a v e  t o  a r i s e  a l m o s t  c o m p l e t e l y  f r o m  t h e  
c o m b i n a t i o n  o f  two  h y d r o g e n  a t o m s .  The maximum i s o t o p e  e f f e c t  
f o r  s u c h  a p r o c e s s  i s  g i v e n  i n  T a b le  XVI a s  O .2 6 I4.. W h i le  s u c h  
a p a th w a y  f o r  r e a c t i o n  i s  p o s s i b l e ,  i t  i s  n o t  s u p p o r t e d  b y  t h e  
o b s e r v e d  s o l v e n t  i s o t o p e  e f f e c t  o f  6 . 0 6  w h i c h  i n d i c a t e s  a 
t r a n s i t i o n  s t a t e  i n  w h i c h  t h e  O—H bond i s  b e i n g  b r o k e n  t o  a 
l a r g e  e x t e n t  and  n o t  one i n  w h i c h  i t  h a s  a l r e a d y  b e e n  b r o k e n  
and t h e  bond  i s  f o r m i n g .  I f  t h e  i s o t o p e  e f f e c t s  a r o s e
p r i m a r i l y  f r o m  h y d r o g e n  a to m s  c o m b in in g ,  t h e  same i s o t o p e  
e f f e c t  s h o u l d  b e  o b s e r v e d  f o r  b o t h  t h e  h y d r i d e  and t h e  a c i d .
A more l i k e l y  s t r u c t u r e  f o r  t h e  t r a n s i t i o n  s t a t e  
m i g h t  b e  one  i n  w h i c h  t h e  d i f f e r e n c e  i n  t h e  s t r e t c h i n g  
f r e q u e n c y  o f  t h e  Sn—H bond b e t w e e n  t h e  g r o u n d  s t a t e  and t h e  
t r a n s i t i o n  s t a t e  i s  s m a l l ,  i n v o l v i n g  a s m a l l  d e g r e e  o f  Sn—H 
b ond  b r e a k i n g .  T h i s  r e q u i r e m e n t  i s  m e t  b y  t h e  f o u r —c e n t e r  
s t r u c t u r e  r e p r e s e n t e d  b y  ( 3 3 ) .  An a c c u r a t e  e s t i m a t i o n  o f
Bu^Sn — — p
• I
A -  -  H
( 3 3 )
t h e o r e t i c a l  i s o t o p e  e f f e c t s  f o r  t h i s  s t r u c t u r e  i s  n o t  p o s s ­
i b l e  d u e  t o  i t s  c o m p l e x i t y  a l t h o u g h  c e r t a i n  f a c t o r s  seem 
e v i d e n t .  An i n v e r s e  h y d r i d e  i s o t o p e  e f f e c t  w o u ld  be  o b s e r v e d
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t i g h t l y  bound i n  t h e  t r a n s i t i o n  s t a t e  t h a n  i n  t h e  g r o u n d  
s t a t e .  Su ch  a r e q u i r e m e n t  may b e  s a t i s f i e d  w i t h  t h i s  s t r u c ­
t u r e  b y  some d e g r e e  o f  H—H bond f o r m a t i o n  and a l e s s e r  d e g r e e  
o f  Sn—H bond b r e a k i n g .  T h i s  s t r u c t u r e  h a s  t h e  a d v a n t a g e  t h a t  
t h e  A—H bond c o u l d  b e  b r o k e n  c o n s i d e r a b l y  and t h e  d i f f e r e n c e  
i n  s t r e t c h i n g  f r e q u e n c y  b e t w e e n  t h e  g r o u n d  s t a t e  and t h e  
t r a n s i t i o n  s t a t e  c o u l d  b e  s i g n i f i c a n t .  Su ch  a s i t u a t i o n  f o r  
t h e  A—H bond w o u ld  r e q u i r e  l a r g e  a c i d  i s o t o p e  e f f e c t s ,  a s  i s  
b orn e  o u t  by  o b s e r v a t i o n .
37R e c e n t  r e p o r t s  by  L e w is  and  Symons and Haw thorne  
and  Lewis '^  i n d i c a t e s  t h a t  t h e  m o s t  l i k e l y  m ec h an ism  f o r  
h y d r i d e  t r a n s f e r s  i s  a n  e l e c t r o p h i l i c  a t t a c k  on t h e  e l e c t r o n  
r i c h  h y d r i d e  b o n d .
On t h e  b a s i s  o f  t h e  a b o v e  d i s c u s s i o n s ,  t h e  a u t h o r  
p r e f e r s  t h e  t h r e e —c e n t e r  t r a n s i t i o n  s t a t e  r e p r e s e n t e d  by ( 3 -^1-) 
a s  t h e  b e s t  s i n g l e  c h o i c e  f o r  a t r a n s i t i o n  s t a t e  r e p r e s e i i — 
t a t i o n .  The i n d i v i d u a l  i s o t o p e  e f f e c t s  t h e n  a r e  e x p l i c a b l e  
i n  t e r r a s  o f  v a r y i n g  d e g r e e s  o f  bond b r e a k i n g  and  bond m a k in g  
f o r  t h e  p a r t i c u l a r  sy s tem  i n  q u e s t i o n .
I t  i s  d i f f i c u l t  t o  p r o c e e d  f u r t h e r  i n  t h e  a s s i g n m e n t  
o f  a m ore  e x a c t  c o n f i g u r a t i o n  o f  t h e  t r a n s i t i o n  s t a t e  f o r  t h e  
b a s e —c a t a l y s e d  r e a c t i o n  on t h e  b a s i s  o f  t h e  p r e s e n t  e v i d e n c e .  
R e g a r d l e s s  o f  t h e  c h o i c e  o f  a t r a n s i t i o n  s t a t e  s t r u c ­
t u r e ,  i t  i s  s i g n i f i c a n t  t h a t  t h e  o b s e r v e d  i n v e r s e  i s o t o p e  
a f f e c t s  m ust mean t h a t  t h e  h y d r o g e n  atom i n  t h e  t i n - h y d r o g e n  
bond i s  more  t i g h t l y  h e l d  i n  t h e  t r a n s i t i o n  s t a t e  t h a n  i n  
t h e  r e a c t a n t ,  f o r  t h e s e  c a s e s .  B a r t l e t t  an d  Tate^*^ h a v e  d i s —
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t h e  i s o t o p e  e f f e c t  o b s e r v e d  f o r  t h e  t r a n s f e r  o f  a p r o t o n  t o  
a n e u t r a l  s u b s t r a t e  ( =  6 . 0 6 ) i n  t h e  s o l v e n t  r e a c t i o n  
i s  much l a r g e r  t h a n  t h e  i s o t o p e  e f f e c t  i n v o l v i n g  t h e  same 
p r o t o n  t r a n s f e r  t o  a n e g a t i v e l y  c h a r g e d  s u b s t r a t a  ( k ^ ^ / k ^ ^  =
2 . 81|_) i n  t h e  b a s e —c a t a l y s e d  r e a c t i o n .
I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  i s o t o p e  e f f e c t  
o b s e r v e d  f o r  m e t h a n o l  i n  t h e  s o l v e n t  r e a c t i o n  i s  c l o s e  t o  t h a t
w h i c h  may b e  p r e d i c t e d  f ro m  t h e  v a l u e  o f  o b t a i n e d  f ro m  t h e
r i  ,
B r o n s t e d  t r e a t m e n t .  I f  t h e  v a l u e  o f  w  i s  a m e a s u r e  o f  t h e
e x t e n t  t o  w h i c h  t h e  a c i d  h y d r o g e n  bond  i s  a f f e c t e d  d u r i n g  t h e  
r e a c t i o n ,  t h e n  t h e  o b s e r v e d  i s o t o p e  e f f e c t  s h o u l d  be  some 
f u n c t i o n  o f  t h e  t h e o r e t i c a l  maxim un: i s o t o p e  e f f e c t  an d  oi 
A ssu m in g  a l i n e a r  r e l a t i o n s h i p ,  a (k ^ ^ /k * ^^ )^  v a l u e  o f  5 . 9 1  
( 0 , 5 8 0 x 1 0 . 2 )  f o r  m e t h a n o l  i s  p r e d i c t e d .  T h i s  v a l u e  i s  i n d e e d  
c l o s e  t o  t h e  o b s e r v e d  v a l u e  o f  6 , 06± 0 , 6 9 .
S u f f i c i e n t  d a t a  on t h e  g e n e r a l —a c i d  c a t a l y s e d  m u ta ­
r o t a t i o n  o f  g l u c o s e  i s  a v a i l a b l e  t o  p r o v i d e  an i n t e r e s t i n g  
c o m p a r i s o n  w i t h  t h e  a b o v e  r e s u l t s .  H a m i l l  and  LaMer h a v e  
f o u n d  t h a t  t h e  o b s e r v e d  h y d r o g e n  i s o t o p e  e f f e c t  f o r  t h e  w a t e r  
c a t a l y s i s  i s  3 . 8 .  They a l s o  c a l c u l a t e d  a v a l u e  o f  0 ,3 8  f o r  
o{ i n  t h e  B r o n s t e d  e q u a t i o n .  T h e i r  v a l u e  o f  q(  and  t h e  t h e o ­
r e t i c a l  raaxiravun i s o t o p e  e f f e c t  o f  1 0 . 2  g i v e  a p r e d i c t e d  i s o ­
t o p e  e f f e c t  o f  3 . 8 , i d e n t i c a l  t o  t h e  o b s e r v e d  e f f e c t ,  F u r t h e r ­
m o r e ,  t h e  r e s u l t s  f o r  t h e  m u t a r o t a t i o n  h a v e  b e e n  i n t e r p r e t e d  
29by P u r l e a  i n  t e r m s  o f  a s i n g l e  s t e p ,  r a t e  d e t e r m i n i n g  p r o — 
t o n a t i o n .  I t  w i l l  b e  i n t e r e s t i n g  t o  n o t e  f u r t h e r  d e v e l o p ­
m e n t s  i n  t h i s  a r e a  i n  o r d e r  t o  d e t e r m i n e  t h e  g e n e r a l i t y  o f
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EXPERIMENTAL
I .  M a t e r i a l s
The m ethod  o f  p r e p a r a t i o n  o f  t i n  h y d r i d e  i s  s i m i l a r  
t o  t h a t  o f  v a n  d e r  K e rk ^ ^  w i t h  t h e  e x c e p t i o n s  t h a t  r e a c t i o n  
t i m e ,  t e m p e r a t u r e  and h y d r o l y s i s  p r o c e d u r e  w e r e  m o d i f i e d .
The p r o c e d u r e  i s  d e s c r i b e d  i n  d e t a i l  f o r  t r i —^ b u t y l t i n  hy­
d r i d e  and was u s e d  f o r  a l l  t i n  h y d r i d e  p r e p a r a t i o n s .  An 
a t m o s p h e r e  o f  n i t r o g e n  was u se d  w h e n e v e r  h y d r i d e  was p r e s e n t .
T r i —n—b u t v l t i n  H y d r i d e . I n t o  a 250 m l .  f l a s k  im­
m e r s e d  i n  an  i c e —b a t h  and  f i t t e d  w i t h  a s t i r r e r ,  d r o p p i n g  
f u n n e l  and  a n i t r o g e n  i n l e t  was t r a n s f e r r e d  l . i | 3  g ,  ( 0 , 0 3 7  
m o le )  o f  l i t h i u m  a lum inum  h y d r i d e  (LAH) f o l l o w e d  by 75 m l ,  
o f  a n h y d r o u s  o t h e r ,  T r i —^ b u t y l t i n  c h l o r i d e ,  3 2 . 5  g .  ( 0 . 1 0  
m o le )  i n  75 m l .  o f  e t h e r  was a d d ed  d r o p w i s o  o v e r  a p e r i o d  o f  
t w e n t y  m i n u t e s .  The i c e —b a t h  was t h e n  rem oved  and t h e  mix­
t u r e  a l l o w e d  t o  s t i r  a t  room t e m p e r a t u r e  f o r  one h o u r .  I t  
was t h e n  h y d r o l y s e d  w i t h  25 m l ,  o f  i c e  w a t e r  and t h e  e t h e r  
l a y e r  s e p a r a t e d  and w a sh e d  w i t h  two 25—m l . p o r t i o n s  o f  w a t e r  
and  t h e n  two 25—m l .  p o r t i o n s  o f  a s a t u r a t e d  c a l c i u m  c h l o r i d e  
s o l u t i o n .  The e t h e r  l a y e r  was t h e n  d r i e d  o v e r  magnesium s u l ­
f a t e  f o r  one h o u r .  The m i x t u r e  was f i l t e r e d ,  t h e  s o l v e n t  
s t r i p p e d  o f f  and t h e  f r a c t i o n  b o i l i n g  80—8 3 ° / 0 , 5  mm. was 
c o l l e c t e d ,  Tb.e h y d r i d e  was t h e n  s t o r e d  i n  e v a c u a t e d  a m p u l e s .  
Y i e l d ,  2 1 . 8 —2 h . 6 g . ( 7 5 —85/^) ,  I n f r a r e d  s p e c t r u m  (1 0 1 0 )  ( s m e a r )  
I 8 l 0  cm”*^.
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t h e  i n f r a r e d  s p e c t r u m  u s i n g  a 0 , 1 0 3  mm. c e l l .  A num ber  o f  
a n a l y s e s  w e r e  made d u r i n g  t h e  c o u r s e  o f  t h i s  w ork  and t h e  
r e s u l t s  l i s t e d  i n  T a b le  XXV i n d i c a t e  t h e  m e t h a n o l  c o n c e r t -  
t r a t i o n  f o r  an  i n d i c a t e d  s e r i e s  o f  rv ins .
T a b l e  XX.V 
P e r c e n t a g e  m e t h a n o l  i n  m e t h a n o l —d
I .  R. # Run s Rale  A rea OH
1601^ 1563 100
1 6 0 2 -1 6 0 3 2 1 8 - 2 2 6 9 0 -9 6 6 . 1 — 6 . 6
1 6 0 3 -1 6 3 2 2 2 6 -2 3 1 9 6 -1 5 7 6 . 6 - 1 0 . 7
1 6 3 2 -1 6 5 1 2 3 1 -2 3 7 1 5 7 -1 3 1 1 0 . 7-  9 . 0
1 6 5 1 -1 6 8 7 237- 2^12 1 3 1 -1 5 6 9 . 0 - 1 0 . 0
I 687- I 6B8 2 5 2 -2 5 5 1 5 6 -1 3 0 1 0 . 0 -  8 . 9
]6 8 8 -1 8 6 0 2 5 5 -2 7 0 1 3 0 -1 0 7 8 . 9-  7 . 3
1660—1916 2 7 0 -2 7 5 1 0 7 -1 2 7 7 . 4-  8 . 8
1916 2 7 5 -2 7 9 127 8 . 8
a .  p u r e  m e t h a n o l  f o r  c a l i b r a t i o n
The o r g a n o t i n  c h l o r i d e s  w e r e  s u p p l i e d  b y  M e t a l  and  
T h e r m i t  C o r p o r a t i o n .  L i t h i u m  a lum inum  h y d r i d e  and  d e u t e r i d e  
w e r e  s u p p l i e d  by  M e t a l  H y d r i d e ,  I n c . ,  t h e i r  a n a l y s i s  on t h e  
d e u t e r i d e  was 97»1 a tom  % D. D e u t e r i u m  o x i d e  was s u p p l i e d  by 
t h e  L i q u i d  C a r b o n i c  D i v i s i o n  o f  G e n e r a l  D ynam ics  C o r p o r a t i o n  
and  t h e i r  a n a l y s i s  was > 99*5 atom % D. Sodium m e t h o x i d e  
was i n  some c a s e s  p r e p a r e d  f r o m  so d iu m  and  m e t h a n o l  and  i n  
o t h e r s  t h a t  s u p p l i e d  by M a th e a o n  Colem an and  B e l l .  The 
m e t h a n o l  was K a r l  P ' l s h e r  g r a d e  s u p p l i e d  b y  Mat h e s o n  Coleman 
and  B e l l  and  t h e i r  a n a l y s i s  showed 0 . 0 1 ^  w a t e r .
A l l  o t h e r  m a t e r i a l s  u s e d  w e r e  e i t h e r  a n a l y t i c a l
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FIGURE 15
R e a c t i o n  f lask
K
R e p r o d u œ d v , i t h ; ; w ^ ^ ^ ^ ^ ^  F u r t h e r r e p r o d u c ü o n p r o h i b K e d w i t h o u t p e r m i s s i o n .
6 7 .
Key t o  P i y u r e s  15 and 16
A, 1 2 / 5  b a l l  j o i n t
B. 2 mm. c a p i l l a r y
G, e x i t  t o  m an o m ete r
D. 2 9 /4 2  j o i n t
E. 6 mm. ro d
P .  2 ram, t a p e r  s t o p c o c k
G. n i c h r o m e  t r a p e z e
H. b u c k e t  o f  17 mra. t u b i n g
I .  1 9 /3 8  j o i n t
J .  r u b b e r  b a n d s
K, 2 mm. t i p p i n g  ro d
L.  300 m l .  F l a s k
M. s o l u t i o n  l e v e l
IT. a luminum h o l d e r
0 .  T e f l o n  c o v e r e d  m a g n e t  
P .  c o n s t a n t  t e m p e r a t u r e  b a t h
Q.. h o u s i n g
R. 1x3 i n c h  ü l n l c o  m a g n e t
S. a luminum p l a t e
T. 6 i n c h  g e a r
U. s p a c e r s
V. b r a s s  b u s h i n g
W. 1—1 /2  i n c h  g e a r  d r i v e n  b y  g e a r  c o n n e c t i o n  
t o  m o to r  
X. 1 /4  i n c h  a luminum r o d  
Y. m o t o r
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4 .  The f l a s k s ,  m o u n te d  i n  t h e  h o l d e r  N, w e r e  p l a c e d  
i n  t h e  c o n s t a n t  t e m p e r a t u r e  b a t h  and c o n n e c t e d  
t o  t h e  m a n o m e t e r ,
5 .  The s y s t e m  was a l l o w e d  t o  e q u i l i b r a t e  a t  a tm o s ­
p h e r i c  p r e s s u r e ,  w h i c h  was n o t e d ,  and t h e n  
s e a l e d  o f f ,
6 .  The b u c k e t  H was t i p p e d  b y  m eans  o f  r o d  K, z e r o  
t i m e  n o t e d ,  s t o p w a t c h  and  s t i r r i n g  s t a r t e d .
7 .  P r e s s u r e  r e a d i n g s  w e re  t a k e n  a t  c o n v e n i e n t  t im e  
i n t e r v a l s  w i t h  a c a t h e t o m o t e r ,
B, T e m p e r a t u r e  C o n t r o l . WitP t h e  e x c e p t i o n  o f  t h o s e  
m e n t i o n e d ,  e a c h  o f  t h e  e x p e r i m e n t s  r e p o r t e d  was done  a t  
2 5 . 0 0 ° G. Runs # 238—#2 4 5  i n c l u s i v e  w e r e  done  a t  0,04*^C. The 
t e m p e r a t u r e  i n  e a c h  c a s e  was c o n t r o l l e d  w i t h i n  + 0 . 0 2 ° G. The 
d i f f e r e n t i a l  t h e r m o m e t e r s  u s e d  w e re  c a l i b r a t e d  a g a i n s t  a 
t h e r m o m e t e r  s t a n d a r d i z e d  a t  t h e  N a t i o n a l  B u r e a u  o f  S t a n d a r d s .
G. S o l v e n t s  and  S o l u t i o n s . F r e s h l y  d i s t i l l e d  THF,
PIw h i c h  h a d  p r e v i o u s l y  b e e n  p u r i f i e d  a c c o r d i n g  t o  P i e s e r  , was 
u s e d  f o r  a l l  t h e  r u n s  c o n c e r n i n g  t h i s  com pound .  The THF’ was 
s t o r e d  o v e r  p o t a s s i u m  h y d r o x i d e  p a l l e t s  f o r  a t  l e a s t  f o u r  
d a y s  a n d  t h e n  t r a n s f e r r e d  t o  a d i s t i l l i n g  f l a s k  c o n t a i n i n g  
LAH and  t h e  f r a c t i o n  b o i l i n g  6 5 , 0 —6 5 . 4 °  d e p e n d e n t  on a tm o s ­
p h e r i c  p r e s s u r e ,  b u t  e a c h  t i m e  a t  a c o n s t a n t  t e m p e r a t u r e ,  was
c o l l e c t e d .  The HgO—THP s o l v e n t s  w e r e  p r e p a r e d  on a vo lume 
p e r c e n t a g e  b a s i s  b y  d i l u t i n g  t h e  d e s i r e d  am o un t  o f  w a t e r ,  
a s s u m i n g  i d e a l  m i x i n g ,  t o  t h e  p r e d e t e r m i n e d  vo lum e w i t h  THF.
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a p p r o p r i a t e  amount  o f  h y d r i d e  s o l u t i o n  s u s p e n d e d  i n  t h e  
b u c k e t  H was t i p p e d .
I I I .  pH M e a s u re m e n t
M e a s u r e m e n t s  w e r e  made u s i n g  t h e  t e c h n i q u e  r e p o r t e d
25by  Grunw ald  and c o - w o r k e r s  . Hie C a m b r id g e  m ode l  R pH m e t e r  
was u s e d  e m p lo y in g  t h e  # 1 3 4 5 9 —1 g l a s s  e l e c t r o d e  and t h e  
# 1 4 7 7 4  c a l o m e l  e l e c t r o d e .  The g l a s s  e l e c t r o d e  was e q u i l i ­
b r a t e d  w i t h  m e t h a n o l  f o r  one week b e f o r e  an y  m e a s u r e m e n t s  
w e r e  made and t h e n  s t o r e d  i n  m e t h a n o l .  Tlae o r i g i n a l  a q u e o u s  
p o t a s s i u m  c h l o r i d e  s o l u t i o n  i n  t h e  c a l o m e l  e l e c t r o d e  was d i s ­
c a r d e d  and  t h e  e l e c t r o d e  was r i n s e d  4  t i m e s  w i t h  a s a t u r a t e d  
m e t h a n o l i c  p o t a s s i u m  c h l o r i d e  s o l u t i o n .  The e l e c t r o d e  was 
f i l l e d  w i t h  and s t o r e d  i n  t h e  p o t a s s i u m  c h l o r i d e  s o l u t i o n .
The i n s t r u m e n t  was s t a n d a r d i z e d  a t  pH = 6 . 2 5 3  w i t h  an  o—n i t r o — 
b e n z o i c  a c i d  b u f f e r  com posed  o f  0 .2 0 0 0 N  o—n i t r o b e n z o i c  a c i d
and  O .0 5 0 OH sodium  o—n i t r o b e n z o a t e ,  u t i l i z i n g  t h e  f a c t  t h a t
11E l l i o t  and K i l p a t r i c k  had  r e p o r t e d  t h e  pKg o f  t h i s  a c i d  a t  
— 0 .0 5 0 0  a s  pKg = 6 . 8 5 5 .  The m e a s u r e m e n t s  w e re  a c c u r a t e  
w i t h i n  + Û.0 5  pH u n i t s .
IV. R e a c t i o n  B e tw e e n  Sodium M e t h o x id e  
and  T r i p h e n y l t i n  H y d r i d e
T r i p h e n y l t i n  h y d r i d e ,  1 . 2 3 3  g .  ( 0 . 0 0 3 5 2  m o le )  was 
m ix e d ,  i n  a n i t r o g e n  a t m o s p h e r e ,  w i t h  100 m l .  o f  0 , 0 7 5  M 
sodium] m e t h o x i d e  s o l u t i o n  and t h e  h y d r o g e n  e v o l v e d  was c o l ­
l e c t e d  o v e r  w a t e r .  A f t e r  4  h o u r s  0 . 0 0 2 0  m o le  o f  h y d r o g e n  had
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TABLES OP DATA
Key t o  T a b le s  of Data
A = t r i —n - b u t y l t i n  h y d r i d e I I I o x a l i c  a c i d
B = t r i p h e n y l t i n  h y d r i d e IV = p h o s p h o r i c  a c i d
D = t r i —ï ^ b u t y l t i n  d e u t e r i d e V II = o—n i t r o b e n z o i c  a c i d
V I I I b e n z o i c  a c i d
IX = 2 , 5 —d i n i t r o b e n z o i c  a c i d
X = p—n i t r o b e n z o i c  a c i d
XI = p e r c h l o r i c  a c i d
X I I so d iu m  m e t h o x i d e
X =
b / a ( ë o  - P q ) -  ( f - f p )
z =
b / ^ ( P o o - P o )  + ( M p )
V a ( P o o - ï ’ >
fo? =
o b s e r v e d  p r e s s u r e  c h a n g e  
t h e o r e t i c a l  p r e s s u r e  c h a n g e
( 100 )
P f o r  r u n s  7—38 i s  r e p o r t e d  i n  cm.
P f o r  r u n s  38—279 i s  r e p o r t e d  i n  mm.
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A = 0 . 0 1 3 0 4  M
Run #7
IV = 0 . 0 2 6 0 7  M = 1 0 4 . 0
t  ( h r s . ) P I n  z
2 ( u s e d  a s  z e r o )  6 8 . 5 0 0
5 6 9 . 1 2 0 . 6 2
10 7 0 . 5 3 1 . 5 6
15 7 2 .3 7 2 . 3 9
20 7 4 . 1 5 3 . 3 6
25 7 5 . 4 6 4.4-8
30 7 6 . 0 0 5 . 5 7
00 7 6 . 3 0 . —— —
k  = 0 .0 0 3 9 2  M“ ^ s e c ~ ^
A = 0 . 0 1 2 2  M
Run # 8
IV = 0 . 0 2 4 4 1  M 9^P = 9 6 . 5
t  ( h r s . ) P I n  X
0 6 7 . 6 0 0
4- 7 0 . 6 7 0 .2 9 3
8 7 1 . 9 3 0 . 5 9 9
12 7 2 . 8 1 0 . 7 4 2
18 7 3 . 7 3 1 .1 3
22 7 4 . 2 0 1 . 4 7
26 7 4 . 5 3 1 . 8 5
32 7 4 . 7 8 2 .3 0
45 7 5 . 0 4 3 .3 2
00 7 3 . 1 8 -----
k  = 0 . 0 0 1 6 8  M“ ^ s e c “ ^
A = 0 .0 1 9 0  M
Run # 9
IV = 0 . 0 2 6 9 7  M %P = 8 6 .3
t  ( h r s o ) P I n  X
0 6 7 . 7 6 0
0 . 7 5 6 9 .6 5 0 .1 9 9
2 7 0 . 9 3 0 . 4 1 2
4 7 2 .3 4 0 . 7 8 4
6 7 3 .2 3 1 . 2 0
7 . 7 5 7 3 . 7 1 1 . 5 8
9 . 7 5 7 4 . 0 7 2 . 0 4
00 7 4 .6 3
k  = 0 .0 0 3 4 9
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A = 0 , 0 1 1 2  M
Run # 1 0
IV = 0 . 0 2 4 5 0 M %P = 9 0 . 8
t  ( h r s . ) P I n  X
0 5 5 . 9 5 0
0 . 5 5 8 . 4 0 0 . 2 3 9
1 . 0 5 9 . 7 5 0 , 4 6 4
1 . 5 6 0 . 7 1  • 0 . 6 9 8
2 . 0 6 1 . 4 7 0 . 9 7 8
2 . 5 6 2 . 0 4 1 . 2 9
5 . 0 6 2 . 4 7 1 . 6 7
5 . 5 6 2 . 8 0 2 . 1 4
4 . 0 6 3 . 0 0 2 . 6 3
00 6 3 . 3 0 ------
k  =
A -= 0 . 0 1 1 2  M
0 . 0 0 9 6 2  M~^8ec""^
Run # 1 2
IV = 0 . 1 1 9 1  ÎÆ 96P = 8 8 . 5
t  ( m i n . ) P I n  X
0 5 5 . 8 5 0
5 5 7 . 3 9 0 . 2 2 3
10 5 8 . 7 4 0 . 4 7 6
15 5 9 . 7 2 0 . 7 2 3
20 60.4-6 0 . 9 6 7
51 6 1 . 5 9 1 . 5 3
59 6 2 . 0 6 1 . 9 3
51 6 2 . 5 4 2 . 6 1
60 6 2 . 7 2 3 . 0 8
00 6 3 . 0 2
k  =
A = 0 . 0 1 0 4  M
0 . 0 0 7 7 1  M” ^ s e c “ ^
Run # 1 7
IV = 0 . 0 1 3 1 2 M = 8 2 . 3
t  ( h r s . ) P I n  X
0 5 5 . 8 4 0
1 . 5 8 . 2 3 0 . 1 1 3
2 5 9 . 3 8 0 . 2 0 7
3 6 0 . 2 1 0 . 3 2 9
4 6 0 . 7 7 0 . 4 5 1
5 6 1 . 2 1 0 . 5 9 3
6 . 2 5 6 1 . 5 4 0 . 7 6 1
7 6 1 . 7 2 0 . 8 8 4
8 6 1 . 9 0 1 . 0 4
9 6 2 . 0 5 1 . 1 9
00 6 2 . 5 8 — ——
k  = 0 . 0 1 1 0  a r ^ s e c " ^
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Rum #27
A = 0 . 0 1 3 3  M I I I  = 0 . 0 2 0 5 2  = 8 9 . 0
t  ( m i n . ) P I n  X
0 5 8 . 4 5  0
10 6 1 . 8 1  0 . 1 9 9
21 6 3 . 5 5  0 . 3 8 5
41 6 5 . 1 3  0 . 7 0 3
63 6 6 . 0 3  1 . 0 6
78 6 6 . 4 0  1 . 3 0
1 01  6 6 . 7 6  1 . 6 6
1 2 1  6 6 . 9 7  2 . 0 3
OD 6 7 . 4 5 ----------------------------- -----
k  = 0 . 0 3 9 4
Run # 2 8
A = 0 . 0 1 3 5  11 I I I  = 0 . 0 2 0 5 2  M %P = 9 0 . 6
t  ( m i n . ) P I n  X
0 5 5 . 7 7  0
10 5 8 . 0 9  0 . 1 8 0
20 5 9 . 6 7  0 . 3 3 8
4 ^  6 1 . 3 6  0 . 6 7 0
60 6 2 . 2 4  1 . 0 4
80 6 2 . 7 2  1 . 3 9
100  6 3 . 0 5  1 . 7 9
120  6 3 . 2 4  2 . 2 0
CD 6 3 . 6 0 ----------------------------- -----
k  = 0 . 0 4 0 0  M“ ^ s e c ” ^
Rim #2 9
A = 0 . 0 1 2 9  M I I I  = 0 . 0 2 0 5 2  M = 8 6 . 8
t  ( m i n . ) P I n  X
0 5 8 . 5 6  0
10  6 1 . 8 8  0 . 1 9 9
20 6 3 . 4 2  0 . 3 7 8
30 6 4 . 3 9  0 . 5 5 4
42 6 5 . 1 8  0 . 7 0 1
52 6 5 . 6 0  0 . 9 1 6
60 6 5 . 8 7  1 . 0 5
82 6 6 . 3 8  1 . 4 0
120  , 6 6 . 8 5  2 . 0 2
00 6 7 . 3 2 ----------------------------- ----- -
k  = 0 . 0 3 9 4  a r ^ s e c " ^
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
7 9 ,
RLua # 3 5
A = 0 . 0 0 3 7 1  K I I I  = 0 . 0 2 0 2 6  M $6? = 1 0 4 . 0
t  ( m i l l . ) P I n  X
0 5 5 . 8 0  0
10 5 6 . 7 0  0 . 3 9 5
20 5 7 . 2 6  0 . 8 2 0
30 5 7 . 6 1  1 . 2 1
40  5 7 . 8 0  1 . 6 3
50 5 7 . 9 4  2 . 0 6
60 5 8 . 0 3  2 . 4 6
70  5 8 . 0 7  2 . 8 9
00 5 8 . 2 0  -----
k  = 0 . 0 4 1 0  M“ ^ s e c " ^
Run #3 6
A = 0 , 0 0 7 4 2  M I I I  = 0 . 0 1 0 1 3  M ^^P = 9 6 . 0
t  ( i i i in . ) P I n  X
0 5 8 . 5 0  0
10  6 0 . 1 0  0 . 1 2 2
20 6 0 . 8 5  0 . 2 2 3
30 6 1 . 3 0  0 . 3 4 4
40  6 1 . 6 7  0 . 3 9 9
50 6 1 . 9 5  0 . 4 8 9
60 6 2 . 1 5  0 . 5 8 2
80 6 2 . 4 8  0 . 7 7 5
1 0 0  6 2 . 7 0  0 . 9 6 3
OD 6 3 . 4 0  — .
k  = 0 . 0 5 7 2  M“ ^ s e c “ ^
Rmi # 3 7
A = 0 .0 0 3 1 1  M I I I  = 0 . 0 1 0 8 0  M ^ P  = 8 3 . 5
t  ( m i n . )  P I n  X
0 5 8 . 5 5  0
5 5 9 .0 5  0 . 1 9 9
10 5 9 . 3 0  0 . 3 2 9
15  5 9 . 4 7  0 . 4 3 2
20 5 9 . 6 2  0 . 5 4 8
30 5 9 . 8 4  0 .7 4 7
40  6 0 . 0 0  0 .9 4 4
00 60«65  .
k  = 0 .0 4 9 5  M ^ s e c  ^
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
8 0 .
A = 0 . 0 0 2 5 5
Run # 3 8  
M I I I  = 0 . 0 1 0 8 0  M 96P = 6 8 . 0
t  ( m i n . ) P I n  X
0 5 5 . 7 0 0
5 5 6 . 0 0 0 . 0 6 8
10 5 6 . 2 0 0 . 1 8 2
20 5 6 . 5 4 0 . 4 5 1
50 5 6 . 7 8 0 . 7 1 3
40 5 6 . 9 6 0 . 9 9 7
52 5 7 . 1 1 1 . 5 3 5
60 5 7 . 1 0 1 . 5 5 6
00 5 7 . 4 5 —— —
k = 0 . 0 5 5 0  M " ^ s e c “ ^
A = 0 . 0 0 7 5 2
Run #4 2  
M V I I  = 0 . 0 4 2 3  M 95P = 8 6 . 3
t  ( m i n . ) P I n  X
0 5 . 0 0
10 2 5 . 5 0 . 5 5 6
20 8 2 . 2 0 . 9 5 1
50 5 7 . 4 1 . 3 8
40 4 0 . 7 1 . 7 6
50 4 2 . 8 2 . 1 6
60 4 4 . 2 2 . 5 6
00 4 7 . 0 —  —  —
k = 0 . 0 1 9 9  M“ ^ s e c “ ^
A = 0 . 0 0 7 5 2
Run # 4 3  
M V II  = 0 . 0 4 2 3  M 96P = 8 4 . 0
t  ( rn ino ) P I n  X
0 7 . 7 0
10 2 4 . 6 0 . 4 7 0
20 5 5 . 5 0 . 9 0 4
50 5 8 . 7 1 . 5 5
40 4 2 . 3 1 . 8 0
50 4 4 . 3 2 . 2 2
60 45 o7 2 . 6 9
00 4 8 . 0
k = 0 . 0 2 0 6  M ^ s e c ~ ^
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
8 1 .
A = 0 . 0 0 7 5 2 M
Run # 4 4
V I I  = 0 . 0 0 8 4 6  M %P = 9 5 . 0
t  ( l i r s . ) P I n  X
0 5 . 4 0
0 . 5 2 4 . 7 0 . 0 9 5
1 5 0 . 5 0 . 1 6 6
1 . 5 5 4 . 4 0 . 2 2 5
2 5 7 . 6 0 . 2 9 5
2 . 5 5 9 . 5 0 . 5 5 1
5 4 1 . 2 0 . 4 1 9
5 . 5 4 2 . 8 0 . 5 0 1
4 4 5 . 5 0 . 5 4 2
4 . 5 4 4 . 6 0 . 6 2 1
00 5 1 . 0
k — 0 . 0 5 2 2  M ' ^ s e c " ^
A = 0 . 0 0 7 5 2 M
Run #4 5
V I I  = 0 . 0 8 4 6  M 9^ P = 9 8 . 5
t  ( m in  o ) P I n  X
0 7 . 9 0
2 2 0 . 9 0 . 5 0 0
6 5 5 . 8 0 . 7 4 2
10 4 1 . 5 1 . 1 6
15 4 6 . 7 1 . 6 4
20 4 9 . 7 2 . 0 7
25 5 2 . 1 2 . 6 4
50 5 5 . 4 5 . 1 8
55 5 4 . 2 5 . 7 7
00 5 5 . 2 —
k = 0 . 0 2 1 9  M“ ^ s e c “ ^
A = 0 . 0 0 7 5 2 M
Run # 4 6  
V I I  = 0 . 0 2 9 5  M %P = 8 8 . 0
t  ( m i n . ) P I n  X
0 4 . 6  ■ 0
8 2 1 . 0 0 . 5 7 2
15 2 7 . 1 0 . 5 8 2
50 5 5 . 5 1 . 0 2
45 5 9 . 6 1 . 5 8
60 4 2 . 5 1 . 7 2
75 4 4 . 7 2 . 1 9
90 4 6 . 1 2 . 6 4
00 4 8 . 5 — — —
k 0 . 0 2 0 5  M“ ^ s e c “ ^
R eproduced  with perm ission o f the copyright owner. Further reproduction prohibited without perm ission.
83,
Run # 5 0
A = 0 . 0 0 7 0 5  M V I I  = 0 . 0 1 0 0  M 9 ^  = 9 5 . 5
t  ( h r s o )  P I n  X
0 5 . 5  0
0 . 5  2 1 . 6  0 . 1 6 5
1 . 0  2 8 . 9  0 . 2 8 5
1 . 5  5 5 . 5  0 . 5 9 2
2 . 0  5 6 . 7  0 . 4 9 5
5 4 1 . 5  0 . 7 1 5
4  4 4 . 1  0 . 9 2 0
5 4 6 . 1  1 . 1 5
6 4 7 . 5  1 . 5 2
00 5 2 . 1  ------
k  = 0 . 0 1 9 9
Run # 6 1
A = 0 . 0 0 6 2 5  M V I I  = 0 . 0 9 7 8 0  M 9^ P = 8 5 . 7
t  ( m i n . ) P I n  X
0 5 . 2  0
5 2 0 . 8  0 . 5 0 1
10 2 7 . 2  0 . 9 7 4
15 5 6 . 2  1 . 4 5
20 5 9 . 8  1 . 8 9
27 4 2 . 5  2 . 4 7
50 4 5 . 5  2 . 7 5
00 45 » 9 — —
k = 0 . 0 1 6 8  M“ ^ s e c " ^
Run # 6 2
A = 0 . 0 0 5 9 4  M V I I  = 0 . 0 5 9 1 2  M = 8 0 . 0
t  ( m i n . ) P I n  x
0 7 . 7  0
5 1 6 . 1  0 . 2 0 7
15 2 6 . 5  0 . 5 4 8
50 5 5 . 5  1 . 0 7
45 4 0 . 6  1 . 6 0
60 4 5 . 5  2 . 1 0
77 4 5 . 4  2 . 6 9
90 5 6 . 4  5 . 2 7
00 4 7 . 7 ------------------------------- -----
k = 0.0178 M“^sec“^
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
85 .
A = 0 . 0 0 7 2 6  M
Run # 7 0
IX = 0 . 0 1 9 5 2  M %P = 1 0 0 . 0
t  ( r u i n . ) P I n  X
0 7 . 4 0
2 1 6 . 8 0 . 1 4 0
4 2 5 . 0 0 . 2 5 5
5 2 5 . 5 0 . 5 1 5
7 2 9 . 8 0 . 4 1 9
1 0 . 5 5 5 . 2 0 . 5 9 5
15 4 1 . 0 0 . 8 5 0
20 4 5 . 7 1 . 1 6
50 4 9 . 9 1 . 5 9
00 5 6 . 8 —---
k = 0 . 0 7 0 0
Run # 7 1
A = 0 . 0 0 6 8 5  M X = 0 . 0 9 7 8 8  M. 9 4 . 0
t  (m ii io )  P I n  X.
0 4 . 1  0
4  1 1 . 5  0 . 1 6 6
10 1 7 . 9  0 . 5 1 5
15 2 1 . 4  0 . 4 7 0
22 2 5 . 5  0 . 6 2 0
50 2 9 . 0  0 . 7 8 8
45 5 4 . 6  1 . 1 2
60 5 8 . 5  1 . 4 5
90 4 5 . 0  2 . 0 6
00 4 8 . 5  -----
k  = 0 .0 0 5 9 9
Run #7 5
A = 0 . 0 0 6 0 0 M X = 0 . 0 1 9 5 7  M %P 8 2 . 7
t  ( l i r s o ) P I n  X
0 7 . 2 0
0 . 5 1 5 . 8 0 . 1 7 4
1 2 0 . 1 0 . 2 8 5
1 . 5 2 5 . 4 0 . 5 9 2
2 2 6 . 5 0 . 5 0 0
5 5 1 . 0 0 . 7 1 5
4 5 4 . 0 0 . 9 4 0
5 5 7 . 5 1 . 1 8
6 5 9 . 6 1 . 5 7
7 4 1 . 5 1 . 6 5
00 4 6 . 9 ------
k = 0 . 0 0 4 8 6  M“ ^ s e c “ ^
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
86,
A = 0 . 0 0 7 2 0 M
Run # 7 4
X = 0 . 1 1 9 2  M 96? = 1 1 0 . 0
t  ( m i n . ) P I n  X
0 4 . 0 0
6 1 9 . 3 0 . 3 2 2
10 2 3 . 9 0 . 4 5 1
15 2 8 . 5 0 . 5 9 9
20 3 2 . 0 0 . 6 8 3
30 3 8 . 0 0 . 9 9 3
55 4 7 . 1 1 . 6 4
75 5 1 . 3 2 . 2 1
90 5 3 . 1 2 . 6 0
105 5 4 . 2 2 . 9 5
00 5 6 . 8 — —
k = 0 . 0 0 3 9 8
A = 0 . 0 0 7 2 0 M
Run # 7 5
X = 0 .0794-5  M %P = 1 0 0 . 0
t  ( m i n . ) P I n  X
0 6 . 4 0
10 1 9 . 1 0 .3 0 0  '
15 2 2 . 1 0 . 3 8 5
25 2 6 . 9 0.54-8
35 3 1 . 1 0 . 7 1 8
45 3 4 . 7 0 . 9 0 0
60 3 9 . 0 1 . 1 6
90 4 5 . 0 1 . 7 5
120 4 8 . 2 2 . 3 0
00 5 2 . 4 — ----
k 0 . 0 0 4 0 6  M ~ ^ se c ” ^
A = 0 . 0 0 7 2 0 M
Run # 7 6
X = 0 . 0 3 9 7 2  M %P = 1 0 3 . 6
t  ( m i n . ) P I n  X
0 7 . 2 0
0 . 5 2 4 . 1 0 . 3 5 8
1 3 1 . 2 0 . 5 8 2
1 . 5 3 6 . 8 0 . 8 2 0
2 . 0 4 1 . 4 1 . 0 8
2 . 5 4 4 . 5 1 . 3 1
3 . 0 4 7 . 2 1 . 5 1
3 . 5 4 9 . 1 1 . 8 1
4 . 0 5 0 . 7 2 . 0 7
00 5 5 . 8 mam
k 0 . 0 0 4 3 4  M“ ^ s e c " ^
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
88,
R u n  # 1 0 0
A = 0 . 0 0 0 3 5 9 M XI = 0 . 0 0 0 7 2 7 5  M' 96P = 9 5 . 0
t  ( m i n , ) P I n  X
0 1 . 0 0
0 . 5 2 4 . 0 0 . 5 3 6
0 . 7 5 2 9 . 3 0 . 8 2 9
1 . 0 3 2 . 5 1 . 1 1
1 . 2 5 3 4 . 9 1 . 4 2
1 . 5 3 6 . 6 1 . 8 2
2 . 0 3 8 . 6 2 . 4 5
00 4 0 . 4 — — —
k := 5 0 . 6  M ^ s e c  ^
Run # 1 0 1
A = 0 . 0 0 0 3 5 9 M XI = 0 . 0 0 0 7 2 7 5  M %P = 9 0 . 8
t  ( m i n . ) P I n  X
0 1 . 0 0
0 . 5 2 3 . 8 0 . 5 7 7
0 . 7 5 2 8 . 4 0 . 8 6 3
1 . 0 3 1 . 5 1 . 1 6
1 . 2 5 3 3 . 7 1 . 4 8
1 . 5 3 5 . 1 1 . 7 9
2 . 0 3 6 . 9 2 . 4 6
00 3 8 . 6 -----
k  := 5 2 , 4  M“ ^ s e c “ ^
Run # 1 0 3
A = 0 . 0 0 0 2 2 5 M XI = 0 . 0 0 0 4 3 6 5  M = 1 2 5 .
t  ( m i n . ) P I n  X
0 1 . 0 0
0 . 5 1 3 . 1 0 . 3 5 1
0 . 7 5 1 6 . 2 0 . 5 2 5
1 . 0 1 8 . 6 0 . 7 1 3
1 . 2 5 2 0 . 3 0 . 8 9 2
1 . 5 2 1 . 7 1 . 0 9
1 . 7 5 2 3 . 0 1 . 3 4
2 . 0 2 3 . 9 1 . 5 7
00 2 6 . 8 —# ——
k  == 5 4 . 5  M” ^ s e c ’”^
0
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
90,
Rim  # 1 1 2
A = 0 . 0 0 6 9 3  M V I I  = 0 . 1 0 0 0  M %P = 9 7 . 5
t  ( m i n . ) P I n  X
0 1 , 0  0
2 1 0 . 0  0 . 2 3 1
4  1 7 . 7  0 . 4 1 9
6 2 3 . 2  0 . 6 1 5
8 2 7 . 8  0 . 8 1 5
10  3 1 . 7  1 . 0 3
12 3 4 . 6  1 . 2 3
15 3 8 . 1  1 . 5 3
20 4 2 . 0  2 . 0 6
25 4/I-.3 2 . 5 8
30 4 5 . 7  3 . 1 3
OD • 5 ———
k  = 0 . 0 1 8 4  M“ ^ s e c " ^
Rim # 1 1 3
A = 0 . 0 0 5 5 8  M V I I  = 0 . 1 0 0 0  M %P = 7 8 . 4
t  ( m i n .  ) P I n  X
0 1 . 0  0
2 8 . 7  0 . 2 0 7
4  1 5 . 2  0 . 4 3 2
6 2 0 . 0  0 . 6 4 2
8 2 3 . 9  0 . 8 5 9
10 2 7 . 0  1 . 0 6
12  2 9 . 5  1 . 2 8
15 3 2 . 2  1 . 5 7
20 3 5 . 2  2 . 0 6
25 3 7 . 1  2 . 5 8
30 2 8 . 1  3 . 0 2
OD 3 9 • 9 ———
k  = 0 . 0 1 8 7  M“ ^ s e c “ ^
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
9 2 ,
A = 0 . 0 0 5 5 0 M
Run # 1 1 9
V I I  = 0 . 1 0 0 0  M = 7 4 . 7
t  ( m i n . ) P I n  X
0 1 . 0 0
2 6 . 9 0 . 2 1 5
4 1 3 . 7 0 . 3 9 9
6 1 8 . 8 0 . 6 1 5
8 2 3 . 0 0 . 8 5 0
10 2 6 . 3 1 . 0 8
12 2 8 . 7 1 . 2 9
1 4 3 0 . 7 1 . 5 2
17 3 2 . 9 1 . 8 4
20 3 4 . 5 2 . 1 7
25 3 6 . 3 2 . 7 4
30 3 7 . 2 3 . 2 4
00 3 8 . 6 — — —
k = 0 . 0 1 9 0  l v r ^ s e c “ ^
A = 0 . 0 0 6 7 1 M
Run # 1 2 0
V I I  = 0 . 0 2 0 0  M %P = 9 1 . 0
t  ( m i n . ) P I n  X
0 1 . 0 0
4 6 . 0 0 . 0 7 7
10 1 2 . 0 0 . 1 9 9
20 1 9 . 5 0 . 3 8 5
30 2 4 . 7 0 . 5 5 4
40 2 8 . 8 0 . 7 2 8
50 3 2 . 3 0 . 9 1 6
60 3 4 . 8 1 . 0 9
• 70 3 6 . 4 1 . 2 3
80 3 8 . 3 1 . 4 3
90 3 9 . 9 1 . 6 3  '
100 4 1 . 1 1 . 8 3
1 20 4 2 . 8 2 . 2 2
00 4 6 . 2 -----
k = 0 . 0 2 3 6  M ~ ^sec~ ^
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
94 ,
A = 0 , 0 0 6 5 0
Run # 1 2 4  
M V I I  = 0 . 0 5 0 0  M 96P = 8 8 . 6
t  ( m i n . ) P I n  X
0 1 . 0 0
2 6 . 0 Go 104
4 1 1 . 0 0 . 2 2 3
6 1 4 . 9 0 . 2 9 3
8 1 8 . 5 0 . 4 4 5
10 2 1 . 5 0 . 5 5 4
12 2 4 . 1 0 . 6 5 8
15 2 7 . 6 0 . 8 2 0
20 3 1 . 9 1 . 0 8
25 3 5 . 1 1 . 3 3
30 3 7 . 6 1 . 5 9
52 4 2 . 8 2 . 5 7
GO 4 5 . 8 —--
k -  0 . 0 2 1 5  M” ^ s e c " “^
Run # 1 2 8
A = 0 o 0 0 5 8 5  M V I I  = 0 . 0 1 0 0  M %P = 8 1 . 0
t  ( h r s . ) P I n  X
0 1 . 0  0
0 . 2 5  7 . 8  0 . 0 5 8
0 . 5  1 3 . 2  0 . 1 6 6
0 . 7 5  1 7 . 1  0 . 2 3 1
1 . 0  2 0 . 2  0 . 2 9 3
1 . 2 5  2 2 . 6  0 . 3 9 2
1 . 7 5  2 6 . 4  0 . 5 3 1
2 . 2 5  2 8 . 9  0 . 6 5 2
3 . 2 5  3 2 . 5  0 . 9 0 4
4 . 2 5  3 4 . 7  1 . 1 2
OD • A- ——'
k = 0 . 0 2 1 2  M“ ^-sec“ ^
Run # 1 2 9
A = 0 . 0 0 6 1 6  M V II  = 0 . 0 1 0 0  M %P = 85
t  ( h r s o )  P I n  X
0 1 . 0  0
0 . 2 5  8 . 7  0 . 0 8 6
0 . 5  1 4 . 7  0 . 1 7 4
0 . 7 5  1 8 . 7  0 . 2 5 5
1 . 0  2 1 . 4  0 . 3 1 5
1 . 2 5  2 3 . 9  0 . 3 8 5
1 . 7 5  2 7 . 8  0 . 5 2 5
2 . 2 5  3 0 . 5  0 . 6 5 8
3 . 2 5  3 4 . 3  0 . 9 2 0
4 . 2 5  3 7 . 2  1 . 2 5
00 4 2 . 8  —
k  = 0 . 0 2 0 8  M " ^ s e c “ ^
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
9 6 .
Run # 1 4 4
A = 0 . 0 0 6 0 0 M V II  = 0 . 0 1 0 0 M %P = 8 2 . 5
t  ( m i n , ) p I n  X
0 1 . 0 0
5 4*6 0 . 0 3 9
10 6 * 8 0 , 0 6 8
20 1 0 . 5 0 . 1 0 4
30 1 3 . 5  ^ 0 . 1 6 6
40 1 5 . 9 0 . 2 1 5
50 1 8 . 2 0 . 2 6 2
60 2 0 . 1 0 . 3 0 7
80 2 3 . 2 0 . 4 0 0
1 1 0 2 7 . 0 0 . 5 4 2
CD 4 1 . 4 — — —
k = 0 . 0 1 9 6  M“ ^ s e c " ^
Run # 1 4 5
A = 0 . 0 0 6 5 0 M V II  = 0 . 0 1 0 0 M 96P = 89*7
t  ( m i n • ) p I n  X
0 5 . 5 0
10 1 1 . 2 0 . 0 4 9
20 1 5 . 2 0 . 0 9 5
30 1 8 . 5 0 . 1 3 1
40 2 1 . 3 0 . 1 7 4
50 2 3 . 7 0 . 2 1 5
60 2 5 . 9 0 . 2 6 2
80 2 9 . 4 0 . 3 3 6
105 32*8 0 . 4 4 5
1 2 0 3 4 . 5 0 . 5 0 1
00 5 0 . 0 ———
k 0 . 0 1 9 5  M ~ ^sec“ ^
Run #146
A =  0 .0 0 6 6 6 M V I I  =  0 . 0 1 0 0 M %P = 9 1 . 7
t  ( m i n . ) P I n  X
0 1 . 1 0
1 0 6 . 8 0 . 0 3 9
20 1 1 . 3 0 . 0 8 6
30 1 4 . 7 0 . 1 2 2
40 1 7 . 8 0 . 1 6 6
50 2 0 . 1 0 . 1 9 9
60 2 2 . 5 0 . 2 3 9
80 26* 1 0 . 3 2 2
105 2 9 . 8 0 . 4 2 5
1 2 0 3 1 . 4 0 . 4 8 2
00 4 6* 0 —— —
k 0 . 0 2 0 0  M""^8eo"^
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
97.
A = 0 . 0 0 6 3 7  M
Run # 1 4 9  
V I I  =
t  ( m i n , ) P
0 2 . 0
5 7 . 3
10 1 1 . 7
15 1 5 . 3
21 1 8 . 7
26 2 1 . 4
32 2 4 . 1
40 2 7 . 1
50 3 0 . 1
60 3 2 . 7
70 3 4 . 8
100 3 9 . 1
00 4 5 . 6
k  = 0*0195  M ^ s e c
= 8 8 . 5
I n  X 
0
0 . 0 9 5
0 . 1 8 2
0 . 2 6 2
0 . 5 5 8
0 . 4 5 8
0 . 5 3 1
0 . 6 5 8
0 . 8 0 6
0 . 9 6 7
1 . 1 2
1 . 5 9
Run # 1 5 0
A = 0 . 0 0 6 8 4  M V I I  = 0 . 0 2 0 0  M = 95*0
t  ( m i n . )  p  i n  x
0 1 . 0  0
5 6 . 0  0 . 0 7 7
10  1 0 . 7  0 . 1 6 6
15 1 4 . 8  0 . 2 5 5
21  18 4 2 0 . 3 3 6
26 2 1 . 2  0 . 4 1 9
32 2 4 . 0  0 . 5 1 3
4-0 2 7 . 1  0 . 6 2 6
50 3 0 . 6  0 . 7 8 8
00 3 3 . 4  0 . 9 4 8
70 3 5 . 5  1 . 1 0
1 0 0  4 0 . 3  1 . 5 9
00 4 7 . 0  ___
k  = 0 . 0 2 0 1  I \ r ^ s e c “ ^
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
9 9 ,
A = 0 . 0 0 5 8 5  M
Run # 1 5 3
V I I  = 0 . 0 2 0 0  M 96P = 8 1 . 7
t  ( m i n , ) P I n  X
0 - 0 . 2 0
5 4 . 1 0 . 0 8 6
10 8 . 1 0 . 1 7 4
15 1 1 . 3 0 . 2 5 5
20 1 4 . 2 0 . 3 3 6
30 1 8 . 9 0 . 5 0 1
40 ' 2 2 . 5 0 . 6 5 8
50 2 5 . 5 0 . 8 2 4
60 2 7 . 8 0 . 9 7 5
82 3 1 . 5 1 . 3 1
100 3 3 . 6 1 . 5 8
00 3 9 . 8
k  = 0 . 0 1 9 4  M
Run # 1 5 4
A = 0 . 0 0 6 3 0 M V I I  = 0 . 0 2 0 0  M 9^P = 8 8 . 0
t  ( m i n . ) P I n  X
0 1 . 0 0
5 5 . 3 0 . 0 7 0
10 9 . 7 0 . 1 6 1
15 1 3 . 4 0 . 2 4 7
20 1 6 . 2 0 . 3 2 2
30 2 1 . 1 0 . 4 7 6
40 2 5 . 4 0 . 6 5 2
50 2 8 . 2 0 . 7 9 8
60 3 1 . 1 0 . 9 7 8
82 3 5 . 1 1 . 3 3
100 3 7 . 7 1 . 6 8
120 3 9 . 4 2 . 0 1
00 4 3 . 5 -----
k = 0 . 0 1 9 8
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
101,
R un # 1 6 0
A = 0 .004-54 M V I I  = 0 . 0 1 0 0  M ^ P  = 6 3 . 4
t  ( m i n . ) P I n  X
0 1 . 2 0
20 8 . 7 0 , 1 6 6
40 1 3 . 3 0 . 3 0 7
60 1 6 . 9 0 . 4 5 7
80 1 9 . 5 0 . 5 9 9
1 00 2 1 . 6 0 . 7 4 2
12 0 2 3 .3 0 . 8 8 8
150 2 5 . 3  _ 1 . 1 1
175 2 6 . 6 1 . 3 1
00 3 1 . 8 —  — —
k = 0 . 0 2 2 9  M“ ^ s e c “ ^
A = 0 . 0 0 6 0 0 M
Run # 1 6 3
IX = 0 . 0 5 8 5 2  M %P = 8 2 . 4
t  ( m in  o ) P I n  X
0 - 1 . 0 0
1 6 , 5 0 . 1 8 2
2 1 2 . 6 0 . 3 7 4
5 1 7 . 3 0 . 5 4 8
4 2 1 . 1 0 . 7 2 3
5 24*5 0 . 9 0 8
6 2 7 . 0 1 . 0 8
8 3 0 . 9 1 . 4 3
10 3 3 . 4 1 . 7 5
1 4 3 6 . 5 2 . 3 9
18 3 8 . 0 2 . 9 7
00 3 9 . 9
k = 0 . 0 5 7 5  M ~ ^ 3 e c " ^
A = 0 . 0 0 6 0 9 M
Run # 1 6 4
IX = 0 . 0 5 8 5 2  M = 8 3 . 6
t  ( m i n , ) P I n  X
0 1 . 0 0
1 8 . 5 0 . 1 7 4
2 1 5 . 0 0 . 3 6 5
3 2 0 . 0 0 . 5 4 8
4 2 4 . 0 0 . 7 2 8
5 2 7 . 3 0 . 9 0 0
6 3 0 . 3 1 . 1 0
8 3 4 . 2 1 . 4 4
10 3 7 . 1 1*82
1 4 40 o 6 2 . 6 2
00 4 3 . 4 —  —  —
k - 0 . 0 5 9 0  M“ ^ s e c " ^
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
1 0 3 ,
A = 0 . 0 0 5 7 7 M
Run # 1 6 7
IX = 0 . 0 1 4 6 3  M 96P = 7 9 . 1
t  ( m i n . ) P I n  X
0 - 0 . 8 0
2 4oO 0 . 0 8 0
4 8 , 0 0 . 1 5 7
6 1 1 . 4 0 . 2 5 5
8 14o2 0 . 3 1 5
10 16*7 0 . 3 9 2
15 2 1 . 2 0 . 5 6 5
20 24*7 0 . 7 4 7
25 2 7 . 4 0 . 9 2 4
30 2 9 . 4 1 . 0 9
40 3 2 . 2 1 . 4 2
50 3 4 . 0 1 . 7 2
00 3 8 . 6 --- —
k - 0 . 0 7 3 4  M ~ ^ se c “ ^
A = 0 . 0 0 5 9 4 M
Run # 1 6 8
IX = 0 , 0 1 4 6 3  M = 8 1 . 5
t  ( r a i n . ) P I n  X
0 1 . 0 0
2 5 . 4 0 . 0 6 8
4 9 . 4 0 . 1 4 8
6 1 2 . 7 0 . 2 2 3
8 1 5 . 6 0 . 2 9 3
10 1 7 . 7 0 . 3 5 8
15 2 2 . 6 0 * 5 3 1
20 2 5 . 7 0 . 6 7 8
25 2 8 . 8 0 . 8 5 4
30 3 1 . 0 1*03
40 3 4 . 1 1 . 3 6
50 36*2 1 . 7 0
00 4 0 . 9
k = 0 . 0 6 9 0  M“ ^ s e c “ ^
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
104 ,
A ,=  0 . 0 0 6 2 5  M
Rim # 1 7 1
V I I  = 0 . 1 0 0 0  M %P =
t  ( m i n . ) P I n  X
0 0 . 6 0
1 4 . 1 0 . 0 7 7
2 8 . 3 0 . 1 8 2
3 1 1 . 8 0 . 2 9 3
4 1 5 . 0 0 . 3 8 5
6 2 0 . 4 0 . 5 9 3
8 2 4 . 7 0 . 7 9 3
10 2 8 . 2  ^ 0 . 9 9 3
12 3 0 . 9 1 . 1 9
1 4 3 3 . 2 1 . 3 9
16 3 5 . 1 1 . 5 6
20 3 7 . 9 2 . 0 0
CD 43 o 4
k  = 0 . 0 1 7 6  M ^ s e c  ^
A = 0 . 0 0 5 4 7  M
Run # 1 7 3
V I I  = 0 . 1 0 0 0  M 9a» =
t  ( m i n . ) P I n  X
0 0 . 4 0
1 3 . 5 0 . 0 8 0
2 7 . 2 0 . 1 9 0
3 1 0 . 2 0 . 2 8 5
4 1 2 . 9 0 . 3 8 5
6 1 7 . 4 0 . 5 7 7
8 2 1 . 2 0 . 7 7 5
10 2 4 . 3 0 . 9 7 5
12 2 6 . 7 1 . 1 6
1 4 2 8 . 8 1 . 3 7
16 3 0 . 4 1 . 5 5
25 3 4 . 9 2 . 4 4
00 3 8 . 0 H “  ——
k  = 0 . 0 1 7 1  M“ ^ s e c “ ^
8 6 .5
7 5 . 8
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
1 0 6 ,
A = 0 . 0 0 7 0 2
Run # 1 7 7
M X I I  = 0 .
t  ( r a i n . ) P
0 1 . 1
1 5 . 6
2 9 . 7
3 . 1 3 . 3
4 1 6 . 3
6 2 1 . 9
8 2 6 . 4
10 3 0 . 1
12 3 3 . 0
16 3 7 . 8
20 4 1 . 1
00 4 8 . 4
k = 1 . 6 0  x l O ^ ^ s e c - 1
Run # 1 7 8
96? = 9 7 . 3  
I n  y 
3 . 8 6  
3 . 7 6  
3 . 6 6  
3 . 5 6  
3 . 4 7  
3 . 2 8  
3 . 0 9  
2 . 9 1  
2 . 7 3  
2 . 3 6  
1 . 9 9
A = 0 . 0 0 7 2 1 M X I I  = 0 . 0 2 5 0  M 96? =
t  ( r a i n . ) P I n  y
0 0 . 0 3 . 7 4
2 2 . 8 3 . 6 7
4 5 . 5 3 . 6 0
6 8 . 0 3 . 5 3
8 1 0 . 1 3 . 4 7
10 1 2 . 0 3 . 4 0
15 1 6 . 4 3o25
20 2 0 . 1 3 . 0 9
25 2 3 . 2 2 . 9 4
30 2 5 . 8 2 . 7 9
45 3 1 . 7 2 . 3 4
60 3 5 . 5 1 . 8 9
85 3 8 . 9 1 . 1 6
CD 4 2 . 1 —  —  —.
k = 5 . 3 0  x l0 ~ *^sec~ ^
8 5 . 4
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
108,
Run # 1 8 1
D = 0 . 0 0 7 2 0  M X I I  = 0 . 0 5 0 0  M = 9 8 . 6
t  ( m i n . )  P I n  y
0 1 . 4  3 . 8 7
1 2 . 6  3 . 8 4
2 5 . 8  3 . 7 7
3 8 . 2  3 . 7 1
5 13.0 3.59
7 1 7 . 1  3 . 4 7
9 2 0 . 7  3 . 3 5
12 2 3 . 8  3 . 1 7
16 3 0 . 4  2 . 9 3
20  3 4 . 4  2 . 6 9
00 4 9 . 2  — —
k  = 1 . 0 2  x l O " ^ s e c " ^
0 . 0 2 5 0  M %P = 9 7 . 5
I n  y 
3 . 8 6  
3 . 8 1  
3 . 7 3  
3 . 6 7  
3 . 4 8  
3 . 3 6  
3 . 2 4  
2 . 8 8  
2 . 5 0  ^  
2 . 2 1
- 1
.000  M %P = 9 7 . 8
I n  X 
0
0 . 0 9 5
0 . 2 0 7
0 . 3 0 0
0 . 4 0 5
0 . 5 0 7
0 . 7 0 3
0 . 9 0 8
1 . 1 9
1 . 5 8
1 . 9 6
-1
D = 0 . 0 0 7 2 0  M
Run # 1 8 2  
X I I  = .
t  ( m i n . ) P
0 2 . 0
2 4 . 2
4 7 . 5
6 1 0 . 1
12 1 6 . 7
16 2 0 . 6
20 2 3 . 8
31 3 1 . 4
4 4 3 7 . 1
53 4 0 . 2
00 4 9 . 3
k  = 5 . 3 4  x l0 " " ^ s e c
P = 0 . 0 0 7 0 4  M
Run # 1 8 3
V I I  = 0 .
t  ( m i n . ) P
0 2 . 0
1 6 . 5
2 1 1 . 2
3 1 5 . 0
4 1 8 . 6
5 2 1 . 7
7 2 6 . 8
9 3 1 . 1
12 3 5 . 7
16 4 0 . 2
20 4 3 . 1
00 4 9 . 4
k  = 0 . 0 1 7 9  M ^ s e c
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
1 0 9 ,
D = 0 .0 0 7 0 5  M
Run #184 
V I I  =
t  ( m i n . ) P
0 0 . 4
4 3 . 2
10 6 . 9
20 1 1 . 0
30 1 4 , 4
60 2 2 . 0
90 2 7 . 1
1 2 0 3 0 . 5
182 3 5 . 3
240 3 8 . 1
CD 4 5 . 4
k  =■- 0 . 0 2 1 8
P = 0 . 0 0 7 1 2  M
Run # 1 8 5
V II  =
t  ( m i n , ) P
0 2 , 0
10 7 . 6
20 1 2 . 1
30 1 5 . 6
45 2 0 . 3
60 2 4 . 2
90 2 9 . 5
1 2 0 3 3 . 1
150 3 6 . 0
220 4 0 . 7
CD 4 9 . 0
k  = 0 . 0 2 1 7
D = 0 . 0 0 7 0 6  M
Run # 1 8 8
V I I  = (
t  ( m in  6 ) P
0 0 . 6
5 6 . 7
10 1 1 . 6
15 1 5 . 5
21 1 9 . 7
31 2 5 . 2
4 4 3 0 . 4
55 3 3 . 4
70 3 6 . 8
90 3 9 . 8
CD 4 5 . 6
0 . 0 1 0 0  M = 9 3 , 5
I n  X 
0
0 . 0 2 0
0 . 0 4 9
0 . 0 8 6
0 . 1 2 2
0 . 2 3 9
0 . 3 5 8
0 . 4 7 0
0 . 7 0 3
0 . 9 2 4
- 1
.0 1 0 0  M 96P = 9 4 . 3
I n  X 
0
0 . 0 3 9
0 . 0 7 7
0 . 1 1 3
0 . 1 6 6
0 . 2 3 1
0 . 3 3 6
0 . 4 5 1
0 . 5 6 5
0 . 8 5 0
- 1
%P = 9 7 . 7
I n  X 
0
0 , 1 0 4
0 . 2 0 7
0 . 3 0 7
0 . 4 2 5
0 . 6 2 1
0 .8 7 5 _
1 . 0 7 '
1 . 3 7
1 . 7 7
k  = 0 . 0 1 8 4
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
1 1 1 .
Run # 1 9 3
D = 0 . 0 0 6 6 3 M V I I  = 0 . 0 1 0 0 M 96P = 9 1 . 5
t  ( m i n . ) P I n  X
0 2 . 0 0
5 5 . 5 0 . 0 3 0
15 1 0 . 2 0 . 0 6 8
30 1 5 . 5 0 . 1 4 0
50 2 0 . 8 0 . 2 2 3
81 2 7 . 0 0 . 3 6 5
120 3 1 . 8 0 . 5 2 5
160 3 4 . 8 0 . 6 7 3
193 3 6 . 7 0 . 8 0 2
00 4 6 . 1 -----
k - 0 . 0 2 2 4  M“ ^ s e c “ ^
Run #  1 9 4
D = 0 . 0 0 6 4 2 M V I I  = 0 . 1 0 0 0 %P = 8 8 . 4
t  ( m in * ) p I n  X
0 0 . 2 0
1 3 . 6 0 . 0 8 1
2 7 . 7 0 . 1 9 1
4 1 4 . 2 0 . 3 9 9
6 1 9 . 5 0 . 6 1 0
8 2 3 . 4 0 . 8 0 6
1 0 2 6 . 8 1 . 0 2
1 4 3 1 . 5 1 . 4 1
20 3 5 . 7 1 . 9 9
25 3 7 . 7 2 . 4 5
GO 4 1 . 0 — — —
k = Go 0185 M“ ^ s e c “ ^
Run # 1 9 5
P = 0 . 0 0 6 3 2 M V I I  = 0 . 0 2 0 0 Ivl 96P = 8 7 . 0
t  ( m in  o ) P I n  X
0 2 . 4 0
4 . 5 7 . 3 0 . 0 8 6
1 0 . 5 1 2 . 7 0 . 1 9 9
2 0 . 5 1 9 . 0 0 . 3 7 2
3 0 . 5 2 4 . 1 0 . 5 4 8
50 3 0 . 8 0 . 8 8 4
70 3 5 . 3 1 . 2 5
90 3 8 . 8 1 . 7 0
1 2 0 4 0 . 9 2 . 1 4
00 4 4 . 4 ---
k = 0 . 0 2 1 8
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
1 1 3 ,
A = 0 . 0 3 5 8 8
Run # 1 9 8  .
M
t  ( h r s . ) P l o g  y
0 0 . 5 2 . 3 5 8 9
0 . 2 5 0 . 5 2 . 3 5 8 9
1 . 1 3 1 . 2 2 . 3 5 7 6
2 . 7 5 3 . 0 2 . 3 5 4 1
4 . 5 5 4 . 5 2 . 3 5 1 2
9 . 0 0 6 . 1 2 . 3 4 8 1
2 0 , 5 0 1 8 . 3 2 . 3 2 3 7
2 1 . 2 5 2 0 . 2 2 . 3 1 9 7
2 3 . 5 0  ' 2 3 . 1 2 . 3 1 3 7
2 6 . 8 3 2 6 . 4 2 . 3 0 6 6
2 9 . 2 5 2 8 . 6 2 . 3 0 4 1
3 3 . 0 6 3 2 . 2 2 . 2 9 4 0
4 5 . 3 5 4 2 . 7 2 . 2 7 0 2
4 6 . 6 3 4 /4 .1 2 . 2 6 6 9
5 0 . 0 0 4 7 . 2 2 . 2 5 9 6
5 6 . 5 8 5 1 . 8 2 . 2 4 8 5
6 9 . 4 7 6 0 . 9 2 . 2 2 5 6
7 1 . 2 7 6 2 . 3 2 . 2 2 1 9
00 2 2 9 . 0 — — “
k = 1 . 3 6  x l O ~ ^ s e c ” ^
Run # 1 9 9
A = 0 . 0 3 5 6 8 M
t  ( h r s o ) P l o g  y
0 2 . 0 2 . 3 8 0 4
0 . 2 5 2 . 0 2 . 3 8 0 4
1 . 1 3 2 . 3 2 . 3 7 9 8
2 . 7 5 4 . 2 2 . 3 7 6 4
4 . 5 5 5 . 9 2 . 3 7 3 3
9 . 0 0 9 . 2 2 . 3 6 7 2
2 0 . 5 0 2 1 . 0 2 . 3 4 4 6
2 1 . 2 5 2 3 . 1 2 . 3 4 0 4
2 3 . 5 0 2 6 . 0 2 . 3 3 4 6
2 6 . 8 3 2 9 . 6 2 . 3 2 7 4
2 9 . 2 5 3 2 . 2 2 . 3 2 2 0
3 3 . 0 0 3 6 . 6 2 . 3 1 2 8
4 5 . 3 5 4 9 . 1 2 . 2 8 5 6
46 .6 3 5 0 . 8 2 . 2 8 1 7
5 0 . 0 0 5 4 . 3 2 . 2 7 3 7
5 6 . 5 8 6 0 . 1 2 . 2 6 0 1
6 9 . 4 7 7 1 . 1 2 . 2 3 3 0
7 1 . 2 7 7 2 . 7 2 . 2 2 8 9
.00 2 4 2 . 1 --- —
k = 1 . 4 7  x lO ~ ^ s e c '~ ^
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
1 1 4 .
D = 0 .0 0 0 1 4 7
Run # 2 0 0
XI = 0 . 0 0 0 5 5 0  M 96? = 150.0
t  ( s e c . ) P I n  X
0 1 . 4 0
15 8 . 5 0 . 2 6 2
30 1 3 . 6 0 . 5 7 7
40 1 5 . 7 0 . 7 5 1
50 1 6 . 4 0 . 8 2 4
60 1 8 . 8 1 . 1 2
75 2 0 . 4 1 . 3 9
90 2 1 . 5 1 . 6 5
120 2 2 . 3 1 . 9 0
OD 2 5 . 0 "  — —
k  = 46 ,1
Run # 2 0 3
P = 0 . 0 0 0 1 3 2  M XI = 0 . 0 0 0 5 5 0  M %P = 1 2 3 . 0
t  ( s e c . ) P I n  X
0 1 . 3 0
10 6 . 9 0 . 2 7 8
20 9 . 4 0 . 4 5 1
40 1 3 . 3 0 . 8 4 2
60 1 5 . 5 1 . 1 9
80 1 7 . 0 1 . 5 6
100 1 8 . 0 ■ 1 . 9 1
00 2 0 . 0
k  = 4 4 . 5 M""^sec ^  ■
Run # 2 1 2
B = 0 . 0 0 7 4 2  M XI = 0 . 0 4 7 3 2  M %P = 1 0 2 . 0
t  ( m i n . ) P I n  X
0 0 . 6 0
0 . 2 5 9 . 9 0 . 1 8 2
0 . 5 0 2 3 . 5 0 . 5 6 5
0 . 7 5 3 0 . 9 0 . 9 7 8
1 . 0 3 6 . 0 1 . 2 1
1 . 2 5 3 9 . 1 1 . 4 8
1 . 5 4 1 . 3 1 . 7 3
2 . 0 4 4 . 2 2 . 2 1
2 . 5 4 5 . 5 2 . 5 5
3 . 0 4 6 . 2 2 . 7 8
00 4 8 . 7
k  = 0 . 5 0 1  M ^ s e c " ^
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
116 .
A = 0 . 0 0 5 3 5  M 



















1 3 . 2
1 7 . 6
2 0 . 3








3 8 . 0
0 . 0 0 3 3 2  I v r ^ s e c " ^
= 7 4 . 4
I n  X 
0
0 . 0 6 8
0 . 1 6 6
0 . 3 3 6
0 . 5 1 3
0 .652
0 . 7 7 9
1 . 2 3
1 . 7 1
2.02
A = 0 . 0 0 5 9 8  M












Run # 2 2 2
V I I  =
P
0 . 0  
4 . 1  
8 . 3  
1 1 . 9  
1 5 . 3  
1 7 . 0
2 1 . 7
2 6 . 5
2 9 . 6
3 3 . 8  
3 8 .0
0 . 0 2 0 0  M 96P = (
I n  X 
0
0 . 0 8 6
0 . 1 8 2
0 . 2 7 8
0 . 3 8 5
0 . 4 5 1
0 . 6 6 2
0 . 9 6 3
1 . 2 5
1 . 8 9
k  = 0 . 0 0 3 8 0  M s e c
A = 0 . 0 0 0 2 5 2










Run # 2 2 3





1 2 . 5
1 4 . 9
1 7 . 1
1 8 . 8
2 2 . 3
2 8 . 5  
-1 -1
%P = 7 0 . 5
I n  X 
0
0 . 1 3 1
0 . 2 7 0
0 . 4 0 5
0 . 5 2 5
0 . 6 5 8  
0 . 7 5 6
1 . 1 9
k  = 1 5 . 6  M s e c
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
1 1 8 .
A = 0 . 0 3 6 1 3  M 
t  ( h r s . )
Run # 2 2 6
P l o g  y
0. 1 . 5 2 . 3 8 6 0
1 1 . 7 1 . 4 2 . 3 8 6 1
2 4 . 5 0 . 9 2 . 3 8 7 0
4 8 1 . 3 2 . 3 8 6 3
60 3 . 6 2 . 3 8 2 2
72 6 , 0 2 . 3 7 7 8
8 4 8 . 2 2 . 3 7 3 8
96 1 0 . 0 2 . 3 7 0 5
10 8 1 2 . 5 2 . 3 6 5 9
121 1 4 . 8 2 . 3 6 1 5
132 1 7 . 7 2 . 3 5 6 0
1 4 4 1 9 . 6 2 . 3 5 2 4
168 2 4 . 0 2 . 3 4 3 8
2 0 4 2 9 . 7 2 . 3 3 2 4
216 3 2 . 4 2 . 3 2 7 0
00 2 4 3 . 2















= 0 . 0 0 6 0 8  
( m i n * )
k  =
Run # 2 3 1






1 3 . 5
1 7 . 4
2 0 . 9
2 3 . 8
2 8 . 6
3 2 . 2
3 5 . 0  
3 8 . 8
0 . 0 0 4 5 5  M“ ^ s e c “ ^
%P = 8 3 . 1
I n  X 
0
0 . 0 5 8
0 . 1 2 2
0 . 2 3 1
0 . 4 0 5
0 . 5 7 1
0 . 7 4 2
0 . 9 1 6
1 . 2 9
1 . 7 2
2 . 2 7
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
1 1 9 ,
D = 0 . 0 0 5 8 5
t  ( m i n , )
Run # 2 3 2  
M V I I  = 0 . 0 5 0 0  M %P = 8 0 . 1
P I n  X
0 2 . 0 0
4 5 . 0 0 . 0 6 8
15 1 0 . 4 0 . 2 0 7
21 1 2 . 8 0 . 2 8 5
35 1 7 . 6 0 . 4 5 7
. 51 2 2 . 1 0 , 6 5 8
70  . 2 6 . 3 0 . 8 9 6
95 3 0 . 3 1 . 1 9
150 3 6 . 0 1 . 9 1
2 0 0 3 8 . 5 2 . 5 6
00 4 1 . 2 ———
k = 0 . 0 0 4 8 0  M ^ s e c  ^
D = 0 . 0 0 6 7 2
Run # 2 3 3  
M V I I  = 0 . 0 2 0 0  M 9üP = 9 3 . 0
t  ( m i n . ) P I n  X
0 0 . 0 0
-10 4 . 9 0 . 0 8 6
32 . 9 . 9 0 . 1 8 2
63 1 5 . 8 0 . 3 2 9
80 1 8 . 3 0 . 3 9 9
‘120 2 3 . 3  - 0 . 5 8 2
167 2 8 . 0 0 . 8 0 6
212 3 1 . 3 1 . 0 4
2 8 4 3 5 . 1 1 . 4 0
386 3 8 . 6 1 . 9 8
00 4 2 . 7 —  —  —
k = 0 . 0 0 5 6 7  M“ ^ s e c “ ^
D = 0 . 0 0 0 3 3 4  M 











E un  # 2 3 4
XI = 0 . 0 0 0 7 6 2 5  M 9 ^  = 92, 
P I n  X
1.0 0
6 . 3  0 . 0 8 6
9 . 2  0 . 1 4 0
1 3 . 3  0 . 2 3 9
1 6 . 4  0 . 3 2 2
1 8 . 9  0 . 4 0 5
2 2 . 7  0 ; 5 4 8
2 6 . 5  0 . 7 4 7
2 9 . 0  0 . 9 2 4
3 9 . 4
k  = 1 1 . 2 M”*^sec ' ■1
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
1 2 1 .
D = 0 . 0 3 5 7 5  M 
t  ( h r s o )
0
0 . 7 5
3 . 2 5
5 . 5
9 . 7 5
2 2 . 2 5
2 3 . 7 5
2 6 . 7 5
2 9 . 7 5
3 5 . 0  
^^4.75 
5 0 . 5
5 7 . 0
7 0 . 0
CO
k  =
Run # 2 3 7  
P
2 . 0
2 . 7  
5 . 0
6 . 7  
8 . 9
1 5 . 2
1 6 . 6
1 8 . 7
2 1 . 5
2 2 . 5
2 7 . 9
3 1 . 9  
3 5 . 3  
4 1 . 2
2 4 2 . 5
7.
l o g  y 
2.3811 
2 . 3 7 9 8  
2 . 3 7 5 7  
2 . 3 7 2 5  
2 . 3 6 8 5  
2 .3566  
2 . 3 5 3 9  
2 . 3 4 9 9  
2 . 3 4 4 4  
2 . 3 4 2 4  
2 .3 51 6  
2 . 3 2 3 5  
2 . 3 1 6 4  
2 . 3 0 3 8
6 . 6 5  x lO  s e c -1
A = 0 . 0 0 7 3 0  M










Run # 2 3 8




1 0 . 7
1 4 . 3
21.8
2 8 . 0
5 3 . 8
3 5 . 1
3 7 . 7
2 . 9 7  x l O " % e c " ^
9^ P 
I n  y
0
5 . 5 3
5 . 5 0
5 . 1 9
2 . 7 7
2 . 2 7
1 . 5 6
0 . 9 5 5
8 9 . 0
A = 0 . 0 0 7 3 0  M 













Run # 2 3 9





1 6 . 7
21.1
2 4 . 2
5 0 . 9
5 5 . 0
5 7 . 5
4 0 . 2
4 1 . 6
2 . 9 0  x l O ^ ^ e c " ^
9 ^  = 9 3 . 0  
I n  y 
5 . 6 8  
5 . 5 9  
5 . 5 5  
5 . 2 1
5 . 0 2  
2 . 8 6
2 . 3 7  
1 . 8 9  
1 . 4 6
0 . 3 5 6
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
1 2 3 .
A = 0 . 0 0 7 2 3  M
Run # 2 4 3
X I I  = 0 . 1 0 0 0  M 96P =
t  ( h r s o ) P I n  y
0 2 . 0 3 . 6 8
0 . 2 5 2 . 2 3 . 6 8
0 . 5 6 . 0 3 . 5 8
1 . 0 1 2 . 4 3 . 3 8
1 . 5 1 7 . 3 3 . 2 0
2 . 0 2 1 . 6 3 . 0 1
2 . 5 2 4 . 9 2 . 8 3
3 . 6 7 3 0 . 7 2 . 4 1
4 . 7 5 3 4 . 3 2 . 0 1
5 . 2 5 3 5 . 8 1 . 7 9
6 . 5 0 3 7 . 8 1 . 4 1
GO 4 1 . 8 — — —
k  = 9 . 8 3  x l O ~ ^ s e c ~ ^
D = 0 . 0 0 7 1 5  M
Run # 2 4 4
X I I  = 0 . 1 0 0 0  M %P =
t  ( l i r s . ) P I n  y
0 0 . 0 3 . 5 7
0 . 5 4 . 6 3 . 4 3
1 . 0 1 0 . 0 3 . 2 3
1 . 5 7 1 5 . 1 3 . 0 1
2 . 0 1 8 . 1 2 . 8 5
5 . 0 2 3 . 5 2 . 4 8
3 . 5 2 5 . 6 2 . 2 8
4 . 6 2 8 . 2 1 . 9 7
5 . 4 3 0 . 7 1 . 5 5
8 . 1 3 2 . 0 1 . 2 2
00 3 5 . 4 — — —
k  = 1 . 0 5  x lO  ^ s e c ~ ^
D = 0 . 0 0 7 1 5  M
Run # 2 4 5
X I I  = 0 . 1 0 0 0  M 9jP =
t  ( h r s . ) P I n  y
0 2 . 0 3 . 6 0
0 . 5 0 5 . 8 3 . 4 9
1 . 0 1 1 . 7 3 . 2 9
1 . 5 7 1 7 . 2 3 . 0 6
2 . 0 20 o 6 2o88
5 . 0 2 6 . 1 2 . 5 2
3 . 5 2 8 . 6 2 . 2 9
4 . 6 3 1 . 1 2 . 0 0
6 . 4 3 4 . 0 1 . 5 0
8 . 1 3 5 . 1 1 . 2 2
00 3 8 . 5 —  mmm
k  = 9 . 9 5  x l 0 ~ " ’s e c ” ^
9 1 . 2
8 2 . 6
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
1 2 4 ,
A = 0 . 0 3 6 1 1  M 
t  ( h r s . )
' 0
4 7 . 5
5 8 . 2 5  '
7 2 . 0
7 5 . 5  
8 2 . 0
9 9 . 2 5  
1 0 2 . 5  












5 . 1  
8 . 6
9 . 2  
9 . 7
1 1 . 4
1 2 . 9
2 6 . 9  
2 2 8 . 8
k  -  2 . 1 6  xlO""^8ec""^
l o g  y
2 . 5 5 7 6  
2 . 5 6 1 0
2 . 5 5 7 6  
2 . 5 5 2 2  
2 . 5 5 1 4  
2 . 5 4 9 7  






2 . 5 5 4 2












2 4  
00
= 0 . 0 0 7 2 5
( m i n . )
Run # 2 5 6





1 5 . 4
2 1 . 4
2 5 . 8  
2 9 . 6
3 6 . 1
4 1 . 5
4 5 . 6
k  = 1 . 9 5  x l O ~ ^ s e c ’
0 . 1 0 0 0  M 96P = 9 9 . 0  
I n  y 
3 . 8 2
3 . 7 5  
3 . 6 5
3 . 4 1
3 . 1 9  
2 . 9 9
2 . 7 7
2 . 2 5
1 . 4 1
-1
A = 0 . 0 3 0 3 4  M 
t  ( h r s . )
0








1 7 . 0
00
Run # 2 5 7  








2 0 . 5
2 2 . 2
2 6 . 7
7 5 . 1
4 2 0 . 7
l o g  y
2 . 6 2 4 0
2 . 6 2 1 4
2 . 6 1 7 3
2 . 6 1 4 4
2 . 6 0 6 5
2 . 6 0 4 3
2 . 6 0 2 3
2 . 6 0 0 4
2 . 5 9 5 5
2 . 5 3 8 6
-8 .i n i t i a l  r a t e  = 1 8 . 3  x lO  M s e c -1
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
1 2 6 .
Run # 2 6 3
A = 0 . 0 0 7 2 4 M X I I  = 0 . 1 0 0 0 M 9 ^  =
t  ( m i n . ) p I n  y
0 0 . 0 3 . 7 7
1 . 2 . 7 3 . 7 0
2 7 . 3 3 . 5 8
3 1 1 . 7 3 . 4 5
4 1 5 . 4 3 . 3 3
6 2 1 . 6 3 . 0 8
8 2 6 . 1 2 . 8 4
10 3 0 . 0 2 . 5 9
15 3 6 . 0 1 . 9 9
20 3 9 . 2 1 . 4 1
k = 2 . 0 3  x l O ' ^ s e o r ^
Run # 2 6 4
A = 0 . 0 0 7 2 4 M X I I  = 0 . 1 0 0 0 M 9&P =
t  ( m in e ) p I n  y
0 3 . 0 3 . 8 5
1 8 . 3 3 . 7 3
2 1 3 . 3 3 . 6 0
3 1 7 . 6 3 . 4 8
4 2 1 . 5 3 . 3 5
6 2 8 . 0 3 . 1 0
8 3 2 . 8 2 . 8 5
10 3 6 . 7 2 . 6 0
15 4 2 . 9 1 . 9 7
20 46 *4 1 . 3 1
00 5 0 . 1 -----
k 2 . 0 9  x lO ~ ^sec '~ ^
Run # 2 6 5
A = 0 . 0 0 3 5 7 K D = 0 . 0 0 0 3 5 8 k X I I  :
%P = 9 3 . 0
t  ( m i n . ) P I n  y
0 0 . 0 3 . 7 4
1 2 . 3 3 . 6 9
2 6 . 8 3 . 5 7
3 1 0 . 9 3 . 4 5
4 1 4 . 5 3 . 3 2
6 2 0 . 5 3 . 0 8
8 . 5 2 6 . 1 2 . 7 8
12 3 1 . 6 2 . 3 7
15 3 4 . 7 2 . 0 3
20 3 7 . 8 1 . 5 0
00 4 2 . 3 —  — —
k = 1 . 9 8  x l 0 ”~ ^s e c ~ ^
9 4 . 0
0 . 1 0 0 0  K
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
128,
Run # 2 6 8
D = 0 . 0 3 6 2 3  M
t  ( h r s . ) P l o g  y
0 3 . 0  2 . 3 8 7 4
1 .2 5  9 . 0  2 .3766
2 . 2 5  1 1 . 4  2 . 3 7 2 2
3 . 0  1 3 . 5  2 . 3 6 8 3
4 . 0  1 6 . 1  2 . 3 6 3 4
5 . 0  1 8 . 5  2 . 3 5 8 9
6 . 0  2 1 . 0  2 . 3 5 4 1
1 3 . 0  3 7 . 3  2 . 3 2 1 6
1 4 . 0  3 9 . 7  2 . 3 1 6 6
1 5 . 0  4 2 . 1  2 . 3 1 1 5
1 6 . 2 5  4 4 . 7  2 . 3 0 6 0
1 7 . 5  4 6 . 9  2 . 3 0 1 2
2 2 . 0  5 5 . 4  2 . 2 8 2 4
2 6 . 2 5  6 2 . 9  2 . 2 6 5 0
3 8 . 5  8 1 . 4  2 . 2 1 9 1
4 2 . 0  8 6 . 6  2 . 2 0 5 2
00 2 ^ t-7. 0  -----
k  = 3 . 0 5  x l 0 “ ^ s e c “ ^
Run # 2 6 9
A = 0 . 0 3 6 0 3  M D = 1
t  ( h r s . ) P
0 0 . 0
0 . 5 2 . 7
1 . 0 5 . 4
1 . 5 7 . 9
2 . 0 1 0 . 1
4 . 2 5 1 8 . 9
5 . 0 2 2 . 3
5 . 5 2 4 . 9
6 . 5 2 9 . 7
8 . 5 3 9 . 3
1 8 . 5 8 2 , 9
1 9 . 0 8 4 . 9
1 9 . 5 8 7 . 0
2 0 . 0 8 8 . 0
i n i t i a l  r a t e  = 1 9 . 4  x lO  s e c  ^
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1 2 9 ,
) = 0 . 0 0 7 2 3
Run # 2 7 0
X I I  = 0 . 1 0 0 0  M %P =
t  ( m i n . ) P I n  j
0 0 . 0 3 . 7 5
3 3 . 7 3 . 6 6
6 7 . 8 3 . 5 5
10 1 3 . 5 3 . 3 7
15 1 9 . 2 3 . 1 5
20 2 3 . 6 2 . 9 4
25 2 7 . 4 2 . 7 1
30 3 0 . 2 2 . 5 1
50 3 7 . 4 1 . 6 3
00 4 2 . 5 -----
k = 7 . 2 0  xlO""^8ec""^
D = 0 . 0 0 7 2 5
Run # 2 7 1  
M X I I  = 0 . 1 0 0 0  M 96P =
t  ( r a i n . ) P I n  j
0 3 . 0 3 . 8 5
3 8 . 1 3 . 7 3
6 1 3 . 2 3 . 6 0
10 1 8 . 8 3 . 4 3
15 2 4 . 9 3 . 2 1
20 2 9 . 5 3 . 0 1
25 3 3 . 2 2 . 8 1
30 3 6 . 3 2 . 6 0
50 4 4 . 0 1 . 7 6
00 4 9 . 8 —— —
k = 6 . 9 7  x lO ~ '^ s e c ~ ^
]D = 0 . 0 0 7 0 2
Run # 2 7 2  
M X I I  = 0 . 1 0 0 0  M 9üP =
t  ( r a i n . ) P I n  y
0 0 . 0 3 . 7 4
5 5 . 0 3 . 6 1
10 1 2 . 4 3 . 3 9
15 1 8 . 3 3 . 1 7
21 2 4 . 0 2 . 9 0
25 2 6 . 8 2 . 7 3
30 2 9 . 9 2 . 5 0
4-0 3 4 . 0 2 . 0 9
50 3 6 . 7 1 . 6 9
60 3 8 . 5 1 . 2 8
00 4 2 . 1 —  M —
k = 7 . 2 0  x lO  ^ s e c  ^
9 2 . 3
8 9 . Zf
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
1 3 0 ,
D = 0 . 0 0 7 0 2
Run # 2 7 3  
M X I I  = 0 . 1 0 0 0  M %P =
t  ( m i n , ) P I n  y
0 3 . 0 3 . 7 7
5 1 0 . 3 3 . 5 8
10 1 7 . 3 3 . 3 7
15 2 3 . 3 3 . 1 3
21 2 8 . 7 2 . 8 7
25 - . 3 1 . 8 2 . 6 7
30 3 4 . 1 2 . 5 0
40 3 8 . 5 2 . 0 5
50 4 1 . 4 1 . 5 9
60 4 2 . 7 1 . 2 8
00 4 6 . 3 ------
k = 7 . 2 6  xlO~ '^sec~ '^
D = 0 . 0 0 7 0 2
Run # 2 7 4  
M X I I  = 0 . 1 0 0 0  M
t  ( m i n . ) P I n  y
0 3 . 0 3 . 6 7
1 5 . 5 3 . 6 0
2 9 . 0 3 . 5 1
4 1 4 . 2 3 . 3 3
6 1 8 . 9 3 . 1 5
8 2 2 . 8 2 . 9 7
10 2 6 , 2 2 . 7 8
15 3 1 . 9 2 . 3 4
20 3 5 . 7 1 . 8 9
25 3 8 . 1 1 . 4 4
30 3 9 . 5 1 . 0 3
OD 4 2 . 3 —  —  —
k = 1 . 4 9  x l O ~ ^ s e o ~ ^
A = 0 . 0 0 7 2 0
Run # 2 7 5  
M X I I  = 0 . 1 0 0 0  M
t  ( m i n . ) P I n  y
0 0 . 0 3 . 8 0
4 5 . 1 3 . 6 7
8 1 1 . 6 3 . 4 9
12 1 6 . 8 3 . 3 2
15 2 0 . 0 3 . 2 0
20 2 5 . 3 2 . 9 5
25 2 8 . 6 2 . 7 7
30 3 1 . 9 2 . 5 3
40 3 6 . 8 2 . 0 4
50 3 9 . 8 1 . 5 5
00 4' !^-. 5 — ----
k = 7 . 3 5  x lO  *'sec~^
8 3 . 4
9 2 . 0
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1 3 2 ,
Run # 2 7 9
D = 0 . 0 0 0 3 5 9  K 33 = 0 . 0 0 0 7 0 6  M = 70,
t  ( s e c , ) P I n  X
0 1 . 8  0
10 8 . 1  0 . 1 5 7
20 1 4 . 4  0 . 3 9 2
30  1 8 . 2  0 . 5 8 8
40  2 1 , 1  0 . 7 9 8
50 2 2 . 1  0 . 8 8 4
60 2 4 . 2  1 . 1 2
70 2 5 . 5  1 . 3 0
80 2 6 . 5  1 . 4 7
90 2 7 . 1  1 . 6 0
1 0 0  2 7 . 6  1 . 7 2
00 3 1 . 2  ------
k  = 4 3 . 8  M ' ^ s e c " ^
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